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PREFACE 


In these days of modern industrial production, scientific management 
has become necessary for the engineering department — both to facilitate 
production and to reduce engineering costs. Although every engineering 
executive and supervisor may appear to be confronted with different 
problems, these actually differ only in detail and not in nature. The 
fundamental principles of engineering organization and methods can be 
modified to meet existing conditions and applied to every case. 

With this thought in mind, the author has endeavored to present these 
principles, as nearly in the order of their application as possible, so that 
the engineering executive or supervisor can develop such detailed meth- 
ods as seem best suited to his particular problem. In some cases the 
problem is treated in general, with emphasis upon principles apA objec- 
tives rather than upon detail operation. Choice of an actual pmcedure 
rests with the reader. In other cases a detailed method is given for the 
accomphshment of a particular function. The one presented is con- 
sidered by the author to represent the best current usage, based upon 
study of methods used by many organizations and proved by successful 
application in both large and small engineering departments. Detailed 
methods are given for all factors considered requisite to the orderly prep- 
aration, processing, recording, and release of engineering information; 
supporting service functions are usually given only general treatment. 

All forms required for detail methods are fully described with examples 
of the proper usage of each. Forms shown in connection with general 
discussions do not receive detailed treatment for these represent only 
the general nature of the ^'paper^^ required to implement a particular 
function. Discussions of complex functions are concluded with a brief 
summary that provides an over-all ^^picture^' of the methods involved. 

' The author is indebted to the Booth Manufacturing Corporation, The 
Ryan Aeronautical Company, Interstate Aircraft and Engineering Cor- 
poration, North American Aviation, Inc., and Consolidated-Vultee Air- 
craft Corporation for many of the specimen forms appearing in this 
book, and to the editor of Product Engineering for permission to use 
material from articles that have appeared in the pages of that magazine. 
Many individuals have contributed helpful suggestions during the prep- 
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aration of this book, and the author is indeed grateful for their kind 
assistance. He is particularly indebted to the stenographer who pre- 
pared the final manuscript, Mrs. Laura E. Weiler, for her patience and 
perseverance. 

James E. Thompson 

San Diego, Calif. 

April, 1947 
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ENGINEERING ORGANIZATION 
AND METHODS 


CHAPTER 1 

ORGANIZATION 


Someone, somewhere, once stated that the organization and manage- 
ment of a business enterprise consisted of four progressive phases: ana- 
lyzing, organizing, deputizing, and supervising. That statement not 
only is a masterpiece of brevity but is universally appHcable to every 
organization problem — whether it is organization of an engineering de- 
partment or a haberdashery. If it is conceded that analysis must pre- 
cede organization, the first step in determining a logical engineering 
organization is establishing the proper functional pattern. 

ESTABLISHING THE FUNCTIONAL PATTERN 

To be sound, this functional pattern should be applicable to the en- 
gineering department of any manufacturing enterprise engaged in parts 
fabrication, regardless of the product under development. It is neces- 
sary to distinguish between firms engaged in parts fabrication and those 
occupied in materials processing, as their basic engineering functions are 
not the same. This can be demonstrated by comparing the engineering 
activities of a firm engaged in the manufacture of glass-fiber products 
with those of a producer of farm machinery . Both would need engineer- 
ing departments, but the former would primarily require only product 
development and industrial engineering. The latter would require not 
only product development but also production engineering and a variety 
of technical and clerical services. 

The engineering functional pattern is sufficiently different in each case 
to justify separate treatment, and this discussion vill be devoted ex- 
clusively to organization and methods applicable to the engineering de- 
partments of concerns engaged in the fabrication and assembly of parts. 

It is immaterial whether the parts involved comprise an airplane, a 
harvester, or a refrigerator. The basic functional pattern will be sub- 
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stantially the same ; similar problems will be encountered ; and the detail 
organization and methods required to solve these efidciently will be par- 
allel in each case. 


ENGINEEIONG DEPARTMENT FUNCTIONS 

The obvious function of an engineering department is the production 
design of a given product or products. The execution of this function, 



Fig. 1 : 1. — Engineering department functions. 


however, requires a variety of supporting functions to develop the de- 
sign^ prepare necessary tooling, maintain liaison and coordination with 
other departments, provide nondrafting technical services, and maintain 
the necessary clerical functions and records. 

Analysis of the operation of an engineering department readily reveals 
that its basic fimctions are (1) design, (2) drafting, (3) liaison, (4) techni- 
cal services, (5) general services, and (6) personnel. All engineering ac- 
tivities can be grouped under these six headings, and the fimctional 
breakdown in Fig. 1 : 1 lists the work normally relating to each. 


TOOL DESIGN 

A seventh fxmction of ^'tooling”, is also shown in Fig, 1:1, but this is 
not considered as a prerequisite but rather as an optional activity. In 
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the case of an engineering department engaged in the design of small 
devices involving considerable machining, close coordination is needed 
between design and tooling. This can be done by establishing tool de- 
sign as an engineering function, to be accomplished concurrently with 
product design. 

Where the tooling program is extensive, as with automobile and air- 
craft designs, the tool-design department may be nearly as large as the 
engineering department. Good organization, then, demands that it be 
a separate department, responsible to the management and directed by 
a chief tool engineer. The coordination of tooling vith design is accom- 
plished by tool liaison engineers stationed in the engineering department. 
These liaison engineers cooperate vdth the design engineers to insure 
that the design is practicable to tool for production. All production 
drawings are approved by a tool liaison engineer prior to release for 
manufacture. 


FUNCTIONAL DESIGN 

The design section is concerned only with functional dcvsign, which 
establishes the basic arrangement of a product capable of the required 
performance and usually involves completion of a successful test model 
— sometimes the construction of actual pilot models in an experimental 
factory. The work shovn under the design section of Fig. 1:1 relates 
solely to functional design and may be expanded or condensed to meet 
the design requirements of individual engineering departments engaged 
in particularized product development. 


PRODUCTION DESIGN 

The production-engineering phase begins immediately after the design 
xS proved fimctionally correct. The production engineer translates the 
functional, experimental design into practical form. This process in- 
volves investigating the manufacturing economy of all detail parts, as- 
semblies, and installations and the achievement of this economy without 
introducing changes that compromise the design's fimctional efficiency. 

As the preparation of production drawings consumes the majority 
of man-hours spent upon production engineering, this function of the 
engineering department is grouped under the drafting phase, which in- 
cludes checking all drawings, preparation of loft lines for articles, involv- 
ing developed surfaces, and training of personnel to accomplish the pro- 
duction engineering phase. 
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LIAISON ENGINEERING 

The completion of the production design does not conclude the engi- 
neering department's task. Immediately upon release of drawings to the 
factory for manufacture there will begin the necessity for engineering 
liaison. Drawings wiU demand interpretation. The inevitable dravdng 
errors wih need “on-the-spot" correction to avoid halting manufactur- 
ing. Engineering authorization will be required to approve temporary 
drawing deviations in order to facilitate production and permit salvage 
of incorrectly manufactured parts. 

Other phases of liaison ma3^ be required, including liaison between 
vendors and engineering in the case of subcontracts. Liaison with the 
production and tooling departments may be required properly to co- 
ordinate the production engineering vnth. their needs and efforts. 

ENGINEERING SERVICES 

The engineering drawings, which convey the completed design to the 
manufacturing departments, are the most obvious display of the en- 
gineering department's work, but the designers and draftsmen alone 
cannot operate an engineering department. Their work must be 
supported and augmented by a variety of technical and general 
services. 

The principal technical services required for the successful operation 
of an engineering department are planning, cost control, standards, 
methods, materials and processes, illustration, and technical data. Engi- 
neering planning is the most important of these, representing the means 
of orderly operation of the department. Planning is closely allied to 
scheduling, and the two combine to insure properly planned engineering 
work and completion mthin the time scheduled. Successful planning 
must be realistic ; it must be in a position to inform management whether 
or not proposed design programs can be accomplished within the specified 
times. Management; on the other hand, must be willing to abide by the 
findings of Planning and not unwisely insist upon accomplishment of the 
impossible, to the ultimate discredit of the engineering department. 

PLANNING AND SCHEDULING 

Planning and scheduling are based upon the fundamental facts that 
certain maximum quantities of specialized man-hours are available 
Avithin given calendar periods and that each job will require a portion of 
these hours. Therefore, it can be readily ascertained if new work can 
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be undertaken at any given time, and the completion date of each new 
job can be fairly accurately determined. Obviously, if the work in 
process at any given time will consume all available man-hours, it is im- 
possible to assume additional work at that time — except by postponing 
the scheduled completion date of a portion of the current work. The 
only alternatives are holding the new work in abeyance until the man- 
hours required for current work drops below the maximum available or 
obtaining additional personnel. 


COST CONTROL 

Cost control is an absolute necessity for an organization that expects 
to operate on a competitive basis. It requires the establishment of an 
over-all budget for the engineering department, with individual budgets 
for each operating unit. Each unit must then operate within these budg- 
ets and be governed by the cost reports compiled by the cost engineering 
unit. These reports are obtained through a time-charge system, by 
which each hour spent by every engineering employee is allocated 
against the proper breakdown for each project or service. 

Another phase of cost control involves close supervision of all designs 
to insure that each is engineered to the minimum manufacturing cost 
compatible with the required quality and performance. This can often 
be facilitated by the inauguration of a covst-improvement program 
within the engineering department, by which the individuals responsi- 
jle for decreasing costs are rewarded. 

STANDARD PARTS, DESIGNS AND METHODS 

Standard parts and designs can greatly reduce the engineering ex- 
pense by eliminating repeated detailing of small utility parts used gen- 
erally throughout aU designs. The creation of design standards for 
items such as fastener installations, electric wiring assemblies, conduit 
assemblies, and sheet metal cutouts eliminates constant repetition of 
extensive drawing notes and dimensioning. 

Engineering methods must be developed and issued as standard- 
practice instructions to insure efficient, harmonious operation of the de- 
partment. The basic methods for the successful operation and control 
of an engineering department involve (1) personnel organization and 
control, (2) dravdng and report numbering, (3) drafting practices, (4) 
drawing release, (5) drawing and print control, (6) advance engineering 
information, (7) stop-work orders, (8) drawing-change requests, (9) 
drawing changes, and (10) liaison. 
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If a method is found to be wrong, it should be corrected immediately 
and revised instructions issued to all concerned. In no case should 
deviation from the established methods be permitted, even though cor- 
rection of unorthodox work may temporarily delay the engineering 
program. The completion of the entire program will be accelerated by 
adhering, in all cases, to the established methods and insisting upon the 
immediate correction of work that fails to follow these. 

The most dangerous condition that can develop in an engineering 
department is the ''supercolossal rush'' complex, where all semblance of 
order and accuracy are sacrificed in order to release drawings to the shop 
as soon as possible. The important act is releasing accurate information 
to the shop. Rushing unchecked, inaccurate, poorly designed work 
through the department and into the shop always defeats its own pur- 
pose. Eventually it delays completion of the finished article far longer 
than the time required to insure that every drawing is correct and re- 
leased in the proper manner. Even worse, the release of “half-baked” 
information soon brings Engineering into ill repute and makes it impos- 
sible for that department to maintain its rightful position as the leader 
of the entire factory organization. 

PERSONNEL CONTROL 

The procurement and control of personnel has become an extremely 
complex matter in recent years, owing to wage and salary control, job 
classifications, labor-relations laws, and hiring restrictions. These cir- 
cumstances justify the establishment of personnel control as a basic 
engineering function. In a small department these matters may be 
handled as a part-time function of one of the executives reporting to the 
chief engineer. As the department increases in size, it soon becomes 
necessary to establish personnel matters as the full-time responsibility 
of a specialist. The person selected for this position must be one who can 
maintain the confidence of the personnel and be delegated to act for the 
management on all personnel matters rather than be merely a buffer 
between management and employees. • 

The authority of hiring and dismissing employees, however, should 
remain vested in the engineering executives in order to permit their 
continued exercise of complete control over their personnel. In no case 
should the personnel oflSce make decisions regarding personnel com- 
plaints without first reviewing the matter mth the executive and super- 
visor affected. 
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BASIC ENGINEERING ORGANIZATION 

The departmental functions shown in Fig. 1:1 can be readily con- 
verted into a basic engineering-organization chart. This is shown in 
Fig. 1 : 2, where a small engineering department is organized on the basis 
of four executives who report to the chief engineer. The number of 
executives reporting to the chief engineer should be kept to the absolute 
minimum in all cases, to avoid his becoming so enmeshed in details that 
he is unable to devote sufficient time to major issues. 



Fig. 1:2. — Functional plan for small engineering department. 


The basic principle of organizing any activity revolves around the 
establishment of a staff of executives who carry out the operations and 
are directly responsible to the management. Engineering management 
is represented by the chief engineer, and while the department is very 
small, it is possible for the chief engineer to direct personally the opera- 
tion of all functions. But as the department increases in size, this no 
longer remains feasible, the growth resulting in too much responsibility 
for one person, too many details, too many decisions. The chief en- 
gineer who insists upon carrying the entire load wffil soon find it in- 
creasingly difficult to concentrate on the matters at hand, difficult to 
make even simple decisions. The chief will become imcertain of liimself 
and correspondingly irritable. Tiiis mood will infect those in contact 
with the chief engineer and will spread throughout the department, re- 
sulting in a general deterioration of morale. 


LINE ORGANIZATION 

The solution is not difficult and involves simply application of the 
military principle of line organization with a staff command. Instead of 
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the department’s operating as a one-man organizationj it then functions 
as a group of coordinated functional subdivisions, each managed by an 
executive acting with the chief engineer’s authority on certain delegated 
functions. 

These executives are selected and retained for their ability to apply 
the chief engineer’s policies to each situation and arrive at substantially 
the decision that the chief himself might have made. The chief engineer 
is then free to devote undivided attention to developing and perfecting 
policy and to deal thoroughly with new problems referred to him for solu- 
tion by the executives. The same general policy should be followed with 
the supervisors responsible to the executives. 

Application of the principle of staff command to an engineering 
organization not only is important from the viewpoint of the chief en- 
gineer but is also vitally important to the company as a whole. For 
with this type of organization the company may feel secure in the knowl- 
edge that should the department head become incapacitated, the execu- 
tives would be fully qualified to carry on until a suitable replacement 
could be found. 

After an executive staff has been established to operate an engineering 
department, it is necessary to inaugurate the practice of regular, sched- 
uled meetings of the chief engineer and his staff. At these meetings 
progress reports can be reviewed, budgetary matters discussed, policy 
corrected, and all special problems studied and solved. This avoids the 
reevolution of a dictatorial management where orders and decisions are 
arbitrarily handed down by the chief engineer and insures the work- 
ability of a staff command organization. A similar practice of regular 
scheduled meetings among each executive and his supervisors should 
precede the staff meetings. 

“GENERAL STAFF'» FOR SMALL ENGINEERING- DEPARTMENT 

The four executives shown in the chart of Fig. 1:2 are an adequate 
'^general staff” for a small engineering department. To each is dele- 
gated the authority to accomplish certain basic functions necessary for 
the successful operation of the department. Design and liaison func- 
tions become the responsibility of a chief project engineer, who is provided 
with a project engineer to supervise design and liaison on each current 
project. A chief draftsman supervises all drafting activities, including 
production engineering. Drafting personnel are responsible to the proj- 
ect engineers on matters relating to design but to the chief draftsman on 
other matters. An administrative engineer directs all engineering services 
and controls personnel matters. 
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The chief project engineer, chief draftsman, and administrative en- 
gineer form a basic staff. In some cases it may be advantageous to ex- 
pand this staff to include a chief tool engineer ^ as shown on Fig, 1:2. In 
relatively small organizations, where the tool engineering group will also 
be small, this is usually a wise action. It insures close coordination be- 
tween design and tooling work, with the result that the completed design 
will be practical of manufacture. The release of tooling is greatly 



accelerated, as the tool engineers are able to design preliminary tooling 
concurrently with development of the preliminary product design. 


ORGANIZATION FOR LARGE ENGINEERING DEPARTMENT 

In Fig. 1 :3 is shown a functional pattern suitable for a large engineer- 
ing department. The chief project engineer, chief draftsman, and 
administrative engineer remain on the basic staff, and the position of chief 
development engineer has been added. This relieves the chief project 
engineer to concentrate upon production design. Functional design be- 
comes the responsibihty of the chief development engineer. 

The position of chief clerk is established. This relieves the administrative 
engineer of direct responsibility for strictly clerical functions. Personnel 
matters demand the full-time attention of a capable person, and this 
becomes a separate function responsible to the administrative engineer. 
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Engineering coordination is handled by the planning group, which is 
established as a separate function responsible to the adniinistrative en- 
gineer's office. Coordination serves a dual purpose: relieving the ad- 
ministrative engineer of the burden of correspondence follow-up and 
ascertaining the fulfillment of all engineering contractual obligations. 
Incoming correspondence is routed to the coordinator, who ascertains 
the effect of each and forwards copies to the persons affected with a 
definite statement of the action to be taken. Eollow-up is maintained 
to insure prompt and proper reply to correspondence. A detailed record 
is kept of all contractual obligations, and those concerned are informed 
regarding their part in the fulfillment. The administrative engineer is 
kept aware of all progress and deficiencies, 

ORGANIZATION OF DIVISION ENGINEERING DEPARTMENTS 

The value of a staff command organization becomes increasingly 
apparent as the magnitude of engineering activities increases. The es- 
tablishment of an engineering organization for a corporation having 
several operating divisions, as shown in Fig. 1:4, would be an impossi- 
bility unless handled in this manner. 

The preceding outline of functional organization was based upon the 
requirements of the engineering department of a self-contained com- 
pany. When the company has two or more operating divisions, each 
with its own engineering department, the problem becomes more com- 
plex. Different functional organization is required to provide corporate 
control over the engineering departments at the operating divisions. 

A basic engineering organization suitable for a corporation with sev- 
eral operating divisions is sho^vn in Fig. 1:4. Each division engineering 
department is managed by a division chief engineer and provided with 
a basic staff comprising a chief project engineer, chief draftsman, and 
adroioistrative engineer. The detail organization of the division en- 
gineering departments is shown in Fig. 1 : 8. 

The corporate engineering structure for all divisions is headed by a 
vice-president in charge of engineering, assisted by a chief administra- 
tive engineer and a chief development engineer. To avoid having the 
division chief engineers continually frustrated by dual responsibility, it 
is necessary to define their duties clearly to both the engineering vice- 
president and their respective division managers in a manner that avoids 
overlap and conflict. 

Each division chief engineer is basically responsible to the division 
manager on ak matters peculiar to division operation. On the other 
hand, the vice-president in charge of engineering, being responsible for 
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the over-all operation of all engineering activities, must maintain con- 
trol over those matters affecting all division engineering departments. 

The division chief engineer is responsible to the division manager for 
the fulfillment of contractual obligations, for production design, and for 
maintenance of schedules and budgets and to the engineering vice- 
president for functional design, development, research, testing, stand- 
ard practices, and policy. 

Functions affecting the operation of all divisions, irrespective of the 
products manufactured by each, are directed by corporation executives 
responsible to the vice-president in charge of engineering. All develop- 
ment engineering, including experimental manufacturing, is handled by 
the chief development engineer. Division chief engineers requiring de- 
velopment, research, or testing have this work accomplished by the 
corporation, under direction of the chief development engineer. All 
new designs are originated by the chief development engineer’s organi- 
zatien and then transferred to a division for production engineering and 
manufacture. 

The administrative functions that affect ail divisions are directed by 
the chief administrative engineer. Important among these are methods 
and standards, planned so as to insure uniform practices in all division 
engineering departments and to prevent duplication of work. Model 
specifications relating to the products manufactured by the divisions 
are handled by the chief administrative engineer, as is the necessary 
planning to insure meeting all contractual obligations. 

DETAIL ORGANIZATION 

In Figs. 1:5 and 1:6 will be found detailed organization plans suitable 
for small engineering departments and based upon the functional or- 
ganization shown in Fig. 1:2. Figure 1:6 shows an engineering organi- 
zation suitable for a small aircraft-manufacturing company. All devel- 
opment and production engineering is the responsibility of the chief 
project engineer. 


GROirP SYSTEM 

The group system is used where the major structure and equipment 
components of the airplane (such as wing, fuselage, and armament) are 
each handled by a design and drafting group working tmder the direct 
supervision of a group leader. Project engineers for the various models 
or projects under design and construction provide general supervision. 

The group supervisors and, in turn, the personnel of each group are 
responsible to the project engineers on all matters relating to design and 
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Fig. 1:6. — Organization of small engineering department (aircraft). 












14 ENGINEERING ORGANIZATION AND METHODS 

to the chief draftsEoan in all other matters such as allocation of per- 
sonnel, assignment of work, and general discipline and deportment. 

PROJECT SYSTEM 

The engineering organization shown in Fig. 1.6 is suitable for firms 
involved in the design and manufacture of mechanical or electronic 



Fig. 1:6. — Organiizatioii of small engineering department (machine design). 


devices. A less complex product is assumed, and the component-design 
groups are replaced by project-design groups. The group supervisors 
have been replaced by project supervisors, who are each responsible for 
a design and drafting group delegated to accomplish all engineering on 
a given project. Structures and weights specialists are eliminated, on 
the basis that stress analysis and weight control will be accomplished 
within each project group as a responsibility of the project supervisor. 
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A development group has been added to the chief project engineer's 
office to handle development, research, and testing. The functions of 
the administrative engineer have been simplified, on the basis that the 
manufacture of a less complex product will permit consolidation of some 
functions and elimination of others. 
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Fig. 1:7. — Organization of large engineering department. 

LARGE DEPARTMENT REQUIRES DIFFERENT ORGANIZATION 

When the engineering department increases in size, it will be found 
that the simple organizations shown in Figs. 1:5 and 1:6 are no longer 
adequate for efficient operation. It becomes necessary to consolidate 
certain functions and further subdivide others. This involves a rear- 
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rangement, rather than change, in the basic functional organization. A 
suitable arrangement for a large engineering department is shown at 
Fig. 1:7. 

As the engineering work increases in magnitude and complexity, it is 
necessary to reduce the number of executives reporting directly to the 



Fig. l.'S. — Organization of division engineering department. 


chief engineer. Unless this is done, the chief engineer's time will be 
largely consumed by the reports and problems of a host of subordinates. 
This problem is solved in the organization shown in Fig. 1:7 where one 
executive is placed in control of each of the three prime functions: pro- 
duction design, functional design, and departmental operation. 

The chief development engineer handles all matters relating to func- 
tional design while the chief project engineer directs all phases of pro- 
duction design. The administrative engineer is responsible for all opera- 
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tional phases of the engineering department and, in general, becomes the 
business manager of the department. This comparatively simple ar- 
rangement provides that the chief engineer receive reports from but 
three people. 

ASSISTANT CHIEF ENGINEER 

The organization arrangements shown in Figs. 1 : 1 through 1 : 8 do not 
provide for an assistant chief engineer or for assistants to the other exec- 
utives. These can be established as needed to relieve executives of bur- 
densome detail work. In the case of an assistant chief engineer, this 
position can be considered analogous to a “chief of staff” who conveys 
the chief engineer's instructions to the top executives forming the “staff 
command” and makes certain that each properly executes his portion of 
the program. 

LINE AUTHORITY 

After an engineering organization is established, certain basic princi- 
ples of management must be followed in order to insure its proper opera- 
tion. Again we can borrow a military expression to illustrate the point 
and say that it is necessary for all instructions, complaints, and assign- 
ments to “go through channels.” All must flow along the established 
lines of authority, and in no case should any member of the engineering 
department pass over a superior or subordinate when transmitting in- 
structions, complaints, or assignments. 

Unless this pohcy is scrupulously observed on the part of the execu- 
tives and supervisors and rigidly enforced upon the part of employees, 
it is impossible to maintain morale and discipline within the department. 
The employee must first take all problems to his immediate supervisor 
and must in every case receive his instructions from the same person if 
he is to have the proper respect for the supervisor. 

Employees should not receive from an executive of the department 
decisions upon matters under the jurisdiction of supervisors instead 
they should be immediately referred back to their supervisor. On the 
other hand, the executive who issues instructions directly to the em- 
ployees of a supervisor (even though subordinate to the executive) is 
guilty of a cardinal error. Such practices destroy the supervisor’s pres- 
tige, with resultant deterioration of departmental morale. 


DUTIES OF ENGINEERING PERSONNEL 

The duties of the various executives, supervisors, and personnel groups 
shown in Figs. 1:5 through 1:8 are defined in the subparagraphs follow- 
ing. The definitions are generally applicable to any engineering depart- 
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merit but may require occasional modification to suit individual condi- 
tions present in a given company. Many of the job titles have been 
arbitrarily chosen on the basis of being most descriptive of the job func- 
tions- It should be understood that basic functional organization is the 
important matter and that the job title is of minor significance. For 
example, the functions delegated here to the administrative engineer 
could be carried out equally well by an “executive engineer^’ or “engi- 
neering manager,^’ hut in each case the basic functions will remain the 
same, regardless of job title. 

Vice-President in Charge of Engineering: 

Establishment of engineering policy. Final approval of functional 
design of new models and major changes in existing models. Contact 
between company and customer on matters affecting engineering policy 
and/or contractual obligations. 

Chief Engineer: 

Direction of engineering activities. Consultant and final approval on 
majority of design problems referred from chief project engineer and 
chief development engineer. Responsible to management for mainte- 
nance of engineering schedules and budgets and satisfactory accomplish- 
ment of contractual engineering requirements. 

Chief Project Engineer: 

Direction of production design on all engineering projects. Approval 
of all new design and major changes in existing design. 

Chief Draftsman: 

General direction of all drafting supervisors, draftsmen, and other 
hourly employees on matters involving discipline and/or deportment. 
Allocation of personnel as required to meet work schedules. Application 
of methods and drafting practices as estabhshed by standard-practice 
instructions. Work assignment to supervisors directly responsible to 
chief draftsman’s office. General supervision of apprentice draftsmen. 

Chief Development Engineer: 

Direction of functional design, research, and testing for all engineer- 
ing projects. Director of experimental shop. Patent investigation and 
process development. 

Chief Tool Engineer: 

Direction of tool planning, design, and liaison. Direction of tool- 
manufacturing department. 
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Administrative Engineer: 

Direction of general engineering office management, arrangements for 
business trips, and approval of expense accounts. Direction of technical 
and clerical groups and personnel management. 

Engineering Personnel Manager: 

Wage and salary administration. Procurement of engineering em- 
ployees. Interviews with prospective employees. Maintenance of em- 
ployee histories. Terminations. Vacations and leaves of absence. 

Project Engineer (for each project ) : 

Supervision of production design and liaison engineering on a given 
project or group of related projects. Maintenance of engineering sched- 
ule governing project. Accomplishment of contractual engineering re- 
quirements relating to project. 

Aerodynamics Supervisor: 

Direction or supervision of wind-tunnel models and tests, performance 
calculations, flutter analysis, and general aerodynamic research. Estab- 
lishment of flight-test requirements and interpretation of results. De- 
velopment of control surfaces and investigation of stability and handling 
in general. Consultant on design. 

Structures Supervisor: 

Direction or supervision of structural analysis, static test, and engi- 
neering authorization for parts salvage. Final authority for strength of 
parts. Consultant on design. 

Flight-test Engineer: 

Supervision of all flight testing. Practical application and testing of 
aerodynamic research. 

Weights Supervisor: 

Estimated, calculated, and actual weights on all parts. Weight and 
balance investigations and reports. Weight control. Consultant on 
design. 

Materials Engineer: 

Material requirements for new models, sources and availability of 
materials. Issues advance engineering material orders to procure 
materials required. 
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Chief Production Engineer: 

Direction of production design. Supervisor of production-design 
specialists. Coordination of design with tooling, production, and serv- 
ice departments in order to reduce manufacturing costs and improve 
product. 

Methods Engineer: 

Engineering methods and drafting practices. Engineering planning 
and cost control. Work simplification. 

Chief Checker: 

Accuracy of drawings and conformance to methods and drafting prac- 
tices. Production design. Supervisor of company checkers and inspec- 
tor of work accomplished by checkers supplied by professional engineer- 
ing firms. Coordination of engineering and loft checking. 

Illustration Supervisor: 

Supervision of all art and perspective drawing required by the engi- 
neering department. Preparation of production-line, catalogue, and 
handbook illustrations scheduled for each project. 

Loft Supervisor: 

Supervision of all lines and template development (but not actual 
template manufacture) scheduled for each project. 

Design Group Supervisor {one for each design group ) : 

Supervisor of draftsmen in a given design group, including design and 
drafting practices, engineering procedures, and personnel control but 
excluding allocation of personnel. Approval of all drawings originating 
in group. Responsible for production design and shop engineering re- 
lating to group. Maintenance of group records. 

Project Supervisor {one for each project) : 

Supervisor of drafting and design relating to a given project, including 
drafting practices, engineering procedure, and personnel control but ex- 
cluding allocation of personnel. Approval of all drawings originating in 
project group. Responsible for production design and shop engineering 
relating to project. Maintenance of project records. 

Chief Clerk: 

Direction of release, blueprint, ditto, photographic, engineering file, 
and library groups. Procurement of engineering department supplies. 
Direction of engineering secretaries and stenographers. 
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Standards Engineer: 

Company representative on government and industry standards com- 
mittees. Development of company standard parts and designs. Mainte- 
nance of government, industry, and company standards handbooks. 
Drafting-room manuals and standard-practice handbooks. Maintenance 
of material- and process-specification files. Consultant on commercial 
standards and materials. 

Planning Engineer: 

Works in conjunction with chief project engineer, chief development 
engineer, chief draftsman, costs engineer, and group supervisors to 
schedule engineering work on each project and to maintain records of 
engineering expenditures and accomplishment. Preparation of work 
schedules and time estimates needed to complete work within contrac- 
tual requirements, weekly reestimates of time on basis of percentage 
complete, and initiation of necessary changes in personnel and work as- 
signments needed to complete jobs by required dates. Control of all 
correspondence between engineeriag and customers. Dissemination of 
information on all contract changes and deviations. Maintenance of 
records of contractual requirements and compliance thereto and of 
records of all specification deviations and customer-request changes. 
Control of all requests for data, incoming and outgoing. 

Costs Engineer: 

Maintenance of balance between functional design and sound business 
methods. Maintenance of cost records for department, warning execu- 
tives and supervisors when expenditures are nearing budget limits. Es- 
tablishment of budgets. Comparative costs of engineering design to 
determine most economical manufacturing methods. In large depart- 
ments certain of these functions are transferred to the chief production 
engineer, and the cost engineer’s work becomes largely a matter of budg- 
etary control. 

Handbook Engineer: 

Preparation of all handbooks of instruction, parts catalogues, and 
service bulletins. 

Specifications Engineer: 

Preparation of all specifications relating to company products. 
Educational Supervisor: 

Training of new employees for engineering department. Specialized 
education of existing employees. 
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Process Engineer: 

Process and finish specifications. Development of new processes. 
Consultant on all matters relating to manufacturing or finishing proc- 
esses. 

Assistant Project Engineer (for each project) : 

Detail design and shop engineering matters pertaining to project. 
Supervision of liaison between factory and engineering on project. Di- 
rection of group supervisors on drafting and design relating to project 
(except drafting practices, personnel allocation, and control). Coordi- 
nation of design between groups. 

Liaison Engineer (one or more for each project) : 

Interpretation of drawings and expediting the exchange of informa- 
tion between engineering and factory. Shop engineering to facilitate 
manufacture. 

Layout Draftsmen: 

Development of designs. Preparation of manufacturing drawings. 
Guidance of detail draftsmen. 

Detail Draftsmen: 

Preparation of manufacturing drawings . 

Stenographic Supervisor: 

Supervision of all engineering department secretaries and stenogra- 
phers. Assignment of work to stenographers not assigned to a specific 
full-time duty. 

Many of the executive and supervisory classifications listed here could 
be broken down into several levels of subordinate positions. This has 
been done only in the case of group supervisors, where classifications of 
layout draftsman and detail draftsman have been listed. To attempt 
breaking each supervisory classification into its senior and junior sub- 
ordinates, with an indication of the various related technical and clerical 
positions, would require an extensive listing and serve no useful purpose. 


ORGANIZATION CHARTS 

It may seem that issuance of an actual, physical organization chart of 
the engineering department is relatively unimportant. This is not true. 
In fact, one of the most important steps in establishing a smoothly func- 



ORGANIZATION 


23 


tioning department is the issuance of an organization chart, followed by 
immediate revisions whenever personnel or functional changes become 
necessary. When this is done, there can be no misunderstanding regard- 
ing the authority and responsibility of the various executives and super- 
visors. The departmental morale is greatly strengthened by the public 
announcement of the status of each person in the department. 

Concurrent with the issuance of an organization chart there should 
be distributed a brief statement defining the authority and responsibil- 
ity of each person shown thereon. This can be similar to the examples 
shown on pages 17-22 and will clarify the status of each person in the de- 
partment beyond all possibility of misunderstanding. The importance 
of these simple steps must not be underestimated. Nothing is more 
deleterious to departmental morale than uncertainty regarding responsi- 
bility and authority. 

In conclusion, the essence of engineering organization involves de- 
termination of the functions involved; allocation of these functions to a 
small staff of competent executives, who each direct a group of super- 
visors; followed by a clear-cut organizational scheme based upon posi- 
tively defined duties and authority. 



CHAPTER 2 

OPERATION 


Following organization of the engineering department there arises the 
necessity of formulating an operating program. This should not be con- 
fused with establishment of drafting practices and operational proce- 
dure. Instead, it concerns establishing a program for product develop- 
ment, the operation of engineering as a unit of the company, and its re- 
lation to other units. 

Engineering's basic function is the development of products that can 
be profitably manufactured and marketed. Its duties encompass de- 
velopment of these products, followed by preparation of drawings defin- 
ing the finished articles. These drawings do not necessarily describe all 
manufacturing and subassembly operations required to fabricate the 
article but must show the finished form of each part and assembly for 
design and inspection purposes. 

Thus it becomes apparent that Engineeiing is actually a service group, 
supplying other departments with basic information required for prod- 
uct manufacture. Engineering should never overlook its service capac- 
ity and must maintain friendly cooperation with all departments of the 
company. It may be true that other departments could not operate 
without Engineering’s output of information, but it is equally true that 
Engineering would be valueless in the absence of manufacturing facili- 
ties. 


ENGINEERING PROGRAM 

An engineering program represents a planned effort to develop new 
products, improve existing products, reduce manufacturing costs, and 
exploit patent rights. The nature of the program is established by com- 
pany top management through evaluation of markets, products, finance, 
and facilities to determine profitable new and improved products. 

The more important factors governing the development of an engineer- 
ing program are shown graphically in Fig. 2:1. The department heads 
primarily concerned wdth supplying company management with infor- 
mation required to determine the engineering program (and consequently 
the over-all company program) are the sales manager, chief engineer, 
treasurer, and works manager. The sales department investigates 
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market needs, determines detail requirements for products to fill these 
needs, estimates probable sales volume, and ascertains sales prices com- 
patible with competitive articles. 

Engineering supplies the probable cost and time span required for 
developing new products and the possibihties of improving existing 
products. Available personnel and facihties must be studied to deter- 
mine their adequacy for the proposed product development and im- 
provement. The possibilities of reducing manufacturing costs through 



AND IMPROVED PRODUCTS. 

Fig. 2:1. — Factors influencing establishment of engineering program. 

product redesign must be evaluated to ensure that sales efforts will not 
be defeated by lower priced competitive products. The effect of patents 
should be investigated to insure maximum protection from rights held 
by the company and to avoid designs that interfere with patents held 
by others. 

The purposes of finance and accounting functions controlled by the 
treasurer are to estimate the cost of product development and improve- 
ment proposals and to ascertain the probable revenue from each. Avail- 
able manufacturing facilities require careful study during determination 
of an engineering program. The ability of factory buildings to accom- 
modate the product, machinery available for its fabrication and assem- 
bly, obtaining necessary specialized workers, necessity of changing 
manufacturing methods and plant layout, availability of required mate- 
rials, and the possibility of profitably subcontracting a portion of the 
work are items that must be considered. 

An engineering program normally comprises two phases: (1) develop- 
ment engineering and (2) production engineering. The development 
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program will, of necessity, be somewhat fluid and subject to revision to 
meet changing market requirements. The production engineering pro- 
gram, on the other hand, should be well crystallized on the basis of long- 
range production contracts and sales forecasts. 

applyutg the engineering program 

Work begins in the engineering department immediately following 
establishment of a program or formulation of major changes in ah exist- 
ing program. Detailed budgets and schedules must be developed and 
man power allocated to each project created by the program. Leaders 
must be selected for each project. These project engineers should be 
thoroughly informed in the purpose of their projects and provided with 
adequate specialized and general personnel to permit successful realiza- 
tion of their goals. 

When concurrent development and production engineering are in 
process, it is desirable to assign separate personnel to each phase, but 
not to the extent of physically segregating the development activities. 
Such a policy renders coordination between development and produc- 
tion engineering very difficult. In large departments it is feasible to 
have key personnel permanently assigned to development engineering 
and other competent engineers established on production projects. 
This condition is rarely possible in a small engineering department, and 
it is necessary to assign a qualified engineer to lead the project through 
the development stage and early production life of the article. When 
all major production problems have been solved, the remaining routine 
engineering can be entrusted to a liaison engineer, and the design engi- 
neer assigned to new product development. 

Weekly meetings should be held among the chief project engineer and 
his staff of project engineers and group leaders to discuss design and 
operation problems. Each of these meetings should be followed by a 
meeting of the chief engineer and his staff executives to consider policy 
matters and means of expediting the engineering program. All present 
at the meetings should be encouraged to discuss their complaints and 
problems. In every case the chief engineer must provide a speedy deci- 
sion on matters hampering project progress. 


DEVELOPMENT ENGINEERING 

Development engineering is the creation of product designs capable 
of executing the required functions and possible of construction within 
allowable manufacturing costs. A test model is usually built as part of 
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the development program, and sometimes an actual prototype article is 
constructed, or even a pilot production nm for service-test purposes. 
The production-engineering phase begins immediately after the design is 
proved functionally correct. In large engineering departments the design 
is often transferred at this point to a production project engineer, and 
the development engineer ceases to^participate actively in its promotion. 

The production engineer translates the fimctional, experimental de- 
sign into its most practical production form. This process involves 
mvestigatmg the manufacturing economy of all detail parts, assemblies, 
and installations and the achievement of this economy without intro- 
ducing changes that compromise the design’s functional eflBiciency. 

The time required for production engineering is greatly reduced when 
production requirements are considered during development of the de- 
sign. Close coordination between development and production engi- 
neering will avoid designs that are functionally ideal but virtually impos- 
sible to manufacture. All development personnel should give due 
consideration to production requirements. The tooling and manufac- 
turing-planning departments should be fuUy informed of all develop- 
ment projects and consideration given their advice regarding adapt- 
ability of the design to economical tooling and manufacture. 

Close coordination must be maintained between development engi- 
neering and the sales department in order to insure the creation of a 
product that meets customer requirements. Changing customer re- 
quirements or market trends often cause frequent revisions during the 
development of a product. These should be accepted gracefully, even 
though very annoying. It must be remembered that the product is be- 
ing designed for profitable sale, not to gratify the creative ability of the 
engineering department. 

PRODUCTION ENGINEERING 

The production-engineering phase does not cease with initial release 
of a complete set of production drawings for an article. Cost reduction 
and liaison must continue throughout its production. Engineering must 
be constantly alert to recognize improvements that become apparent 
only during manufacture. Many worth-while suggestions for cost re- 
duction and product improvement will be received from other depart- 
ments. An effort should be made to encourage these suggestions, and a 
friendly reception afforded each regardless of its merit. The person 
making an absurd suggestion today may conceive a valuable improve- 
ment tomorrow. If today’s recommendation is greeted with scorn, it is 
unlikely that additional suggestions will be received. 
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It is vitally important that the originators of usable cost-reduction 
ideas receive due recognition when their suggestions are adopted. Noth- 
ing could be less desirable than the belief that Engineering uses sugges- 
tions and ideas of others to enhance its own position. Many companies 
have a cost-improvement suggestion program where all suggestions are 
forwarded to a committee for consideration, followed by financial re- 
wards to originators of money-saving ideas. 

Engineering Liaison 

Production engineering must maintain efficient liaison with aU de- 
partments affected by engineering information. Frequent requests for 
additional information, interpretation of existing information, drawing 
changes to facilitate the work of other departments, and drawing devia- 
tions to permit use of improperly manufactured parts or substitute mate- 
rials are among the problems that arise. Proper handling of engineering 
liaison is the foimdation of amiable relations between Engineering and 
other departments. 

Drawing change and deviation requests should be considered fairly 
and granted when the integrity of the product is not compromised. En- 
gineering must not refuse change or deviation requests on the grounds 
that ^^engineering drawings must be followed^ ^ or that ^‘if the shop does' 
its work properly, there will be no need for drawing deviations.’ ' Al- 
though both statements may be correct, it profits no one to insist upon 
complicated, expensive manufacturing methods or the scrapping of usa- 
ble parts. It is well to remember that the imavoidable presence of inci- 
dental drawing errors indicates that other departments should not be 
criticized for occasional mistakes. 

When Engineering fails to cooperate cheerfully in simplifying manu- 
facturing operations and minimizing scrapped parts, it falls short in its 
duty of creating and maintaining products that insure profitable opera- 
tion. On the other hand, Engineering must firmly refuse changes that 
adversely affect the product and the use of parts that are certain to cause 
unsatisfactory operation. 

RELATION OF ENGINEERING TO OTHER DEPARTMENTS 

Engineering is the source of product information; it forwards all basic 
manufacturing and sales data to departments concerned with fabrica- 
tion, inspection, and marketing. Paralleling this flow of outgoing in- 
formation is a stream of incoming requests for additional data. Many 
of these originate from problems arising during application of the initial 
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INFORMATION 


ENGINEERING 

DEPARTMENT 


REQUESTS 


Prints of new and changed drawings 
Advance engineering information 
Master parts lists 


TOOLING 


Drawing interpretation. 
Changes to facilitate fooling. 


Prirhs of new and changed drawings. 
Advance engineering information. 
Master parts lists. 


MANUFACTURING hH 


Drawing interpretation. 

Drawing deviations . 

Changes to facilitate production. 


Approved vendor lists. Master parts 
lists. 


PURCHASING 


Material deviations. 

Tests of vendor products. 


Prints of new and changed drawings. 
Advance engineering information. Test 
procedures. Master parts lists. 


INSPECTION 


Drawing interpretation, 
salvage authorization. 


Prin+s of new a net changed drawings. 
Advance engineering information. 
Master parts lists. 


GAGE CONTROL 


Drawing interpretation. 

Changes to facilitate gaging and extend 
gage life. 


Handbooks on a parts catalogs. 
Maintenance and repair data. 


SERVICE H 


Remedies for unsatisfactory conditions. 
Changes to improve serviceability. 


Personnel requiremerrfs. 

HireSt transfers, and terminations 


PERSONNEL 


Personnel forecasts. 


Personnel authorized to enter restricted 
areas and for remove property from 
premises Lists of confi'denfial and 
secret data. 


PLANT PROTECTION 


Enforcement of security rules. 


Proposa/ drawings. 
Sp eci f feat ions . 


SALES 


Design proposals. 

Changes requested by customer. 


Cost distribution. Wage and salary 
changes. Authorized overtime. 


Progress reports 
Cost reduction plans 



Costs esrtimates. 
Budget estimates. 


Engineering program changes due 
to variations of markets, finance or 
Eacilifies. 

Policy changes. 


Fig. 2:2. — Relationship of engineering to other departments. 
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engineering releases. The general relationship is shown in Fig. 2:2, 
which lists basic engineering-infonnation releases and normal requests 
for additional data. It is also true that Engineering frequently requests 
and/or receives information from other departments. These secondary 
affi ni ties are not shown. 

The activities directly concerned with production are tooling, manu- 
facturing (which includes planning, material control, fabrication, and 
assembly), gauge-control, and inspection. Engineering supplies each 
with identical basic information. These releases normally involve prints 
of aU new and changed drawings, together with advance information 
regarding new designs and changes. Requests for drawing interpreta- 
tion are frequently received from these activities. Data that appear 
exceptionally lucid to Engineering may be obscure to the recipient, ow- 
ing to incomplete engineering releases or deficient drawings. 

Drawing-change and Deviation Requests 

A majority of drawing-change requests originate with tooling, manu- 
facturing, and inspection activities. These deserve careful considera- 
tion, as the requesters are thoroughly familiar with production possibili- 
ties and limitations. Requests that reduce tooling costs or permit use 
of improved tooling should receive particular notice. The success of a 
production article is greatly influenced by its adaptability to inter- 
changeable manufacture with economical tooling. On the other hand 
these departments rarely are fully conversant with design limitations 
and often request changes that cannot be granted. A full explanation 
of the reason should be furnished in these cases. 

The manufacturing departments may occasionally produce parts 
deviating from dra^wing dimensions in a maimer that cannot be re- 
worked and request a deviation to authorize their use, or they may dis- 
cover that a certain material cannot be procured in time to meet pro- 
duction schedules and request permission to use a substitute. In the 
former case it is wnll to remember that incorrect parts are not inten- 
tional and that scrapping these will cause an additional production run 
with resultant reissue of shop orders and rescheduling. However, parts 
that cannot be used with safety must be scrapped. 

Scrap resulting from improperly manufactured parts can be greatly 
minimized by intelligent selection of dimensional- tolerances during de- 
sign. In no case should the absolute maximum limits be specified for 
drawing dimensions. When absolute values are used, all parts not manu- 
factured within drawing limits are scrap, unless the error permits re- 
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working to limits. Instead, limits appearing on the drawing should rep- 
resent about 75 per cent of the absolute values. The remainder is a 
^'cushion” that will permit acceptance of many cases of improperly 
manufactured parts as a deviation or salvage. 


Inspection Disposition of Rejected Paets 

Inspection is charged with the responsibility of maintaining product 
integrity by insuring that all parts are fabricated and assembled in con- 
formance with applicable engineering drawings and specifications. 
Parts which deviate from engineering requirements but which are ob- 
viously reworkable to drawing limits are frequently discovered. These 
are normally rejected to the originating department for rework and do 
not affect Engineering. When the cost of rework is out of proportion to 
the magnitude of the defect and Inspection considers the part usable 
without rework, a drawing deviation is requested. Parts that can be 
neither reworked nor accepted as deviations are held for salvage dis- 
position. 

Meetings are held to examine parts held for salvage disposition. 
Representatives of Engineering and Inspection and sometimes the cus- 
tomer are present. Three courses of action are possible: The parts can 
be scrapped,, used without rework, or a special rew’ork procedure can be 
devised. Usage of the parts requires unanimous agreement of the sal- 
vage committee, and all salvaged parts are identified by special mark- 
ings. Inspection has full authority to scrap parts considered imsuitable, 
irrespective of the viewpoints of other members of the salvage commit- 
tee. This prerogative must be vested in inspection in order that responsi- 
bility will be accepted by that department for maintaining product 
integrity. 

Gauge-contkox. Functions 

The gauge-control department directs manufacture and use of all 
gauges employed to maintain interchangeability. It is sometimes a 
subdepartment responsible to engineering. A majority of gauging in- 
volves the control of dimensional limits of mating cylindrical parts, and 
plain and threaded-plug and ring gauges are used. Three types of 
gauges are usually maintained: production, inspection, and basic. 

Production gauges produce parts to limits slightly less than the draw- 
ing limits. The corresponding inspection gauge will accept a part 
within the full dimensional limits, insuring that parts produced to the 
production gauge will be accepted at inspection. Basic gauges check 
the nominal dimension and are used to verify dubious cases. 
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Use of the three types can be illustrated by the gauges suitable for a 
tapped hole. The production threaded-plug go gauge should be new, 
containing the maximum wear allowance and consequently larger than 
the thread basic-pitch diameter. The inspection go gauge should be 
very close to the pitch diameter and is probably a worn gauge retired 
from production checkmg. The basic gauge is exactly on the basic- 
pitch diameter. Thus a tapped hole that receives the production go 
gauge will be slightly larger than the basic-pitch diameter, insuring that 
the inspection go gauge vill fully engage and that the basic gauge can 
be inserted with ease. Unless this relationship is maintained, friction 
will arise between Inspection and Manufacturing from rejection of parts 
that fit production gauges but fail to accept corresponding inspection 
gauges. 

Effective Serial Numbers for Changes 

A serial number is usually assigned to each article for identification 
during manufacture and subsequent service life. All production plan- 
ning and scheduling are based upon the serial numbers of articles to be 
manufactured during specified periods. Among the data frequently re- 
quested by Engineering is establishment of effective serial numbers for 
drawing changes. All dra^ving changes, except mandatory changes due 
to product deficiency, should become effective at the convenience of 
Manufacturing Planning. Confirmation of the effective serial number 
should be obtained from Manufacturing before the drawing change is 
released. Attempts to proceed otherwise will result in turmoil, friction, 
and needless expense. 

Determination of the earliest practicable point at which a change can 
become effective without upsetting production schedules requires knowl- 
edge of completed parts in stores, parts in process at the factory and 
subcontractors, and the time required before changed parts can be 
available for assembly. Manufacturing Planning has this information 
available and is the only group in a position readily to establish produc- 
tion-convenience change points. 

Only a few highlights of interdepartmental relationships affecting 
engineering have been considered here, as a majority of those shown in 
Fig. 2:2 are self-explanatory. Details will vary greatly with different 
companies, owdng to variations in company organizational structure and 
personahties. In each case the problem is one of maintaining direction 
of product integrity without antagonizing other departments. 
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SELECTION OF ENOINEEMNG METHODS 

The basic methods that must be established to insure successful 
operation of an engineering department involve control of 

Personnel 

Costs 

Planning 

Drafting practices 
Drawing and report numbering 
Drawing release 
Drawing and pijint control 
Advance information 

Drawing change requests and drawing changes 
Liaison with manufacturing departments 

f . 

These are considered in following chapters giving practical, proved 
methods for accomplishment of each. The detail methods given may 
not be suited to every engineering department, but the general pattern 
will be applicable in all cases. 

Considerable judgment, discretion, and patience are necessary during 
selection, development, and application of engineering methods. Each 
proposed method must satisfy all possible contingencies, and its opera- 
tion must be compatible with emsting conditions and facilities. In each 
case the method must provide a complete record of engineeruig action 
without introducing expensive or burdensome compb cations. 

A form of erroneous thinking frequently observed among engineers 
is the belief that all other considerations can be subordinated to speed 
during the development of an experimental article. This would be true 
if the only purpose were completion of a successful prototype. How- 
ever, the prime purpose of the development ejffort is completion of a siiccess- 
ful prototype tJiai can be rapidly transformed into a production article » The 
transition to production becomes difficult, if not impossible, in the ab- 
sence of a complete, accurate record of the experimental article. 

Compilation of this record requires registry of every operation and 
change during development of the experimental article. The informa- 
tion must be sufficiently complete to permit a qualified engineer, with- 
out prior knowledge of the article, to prepare readily final corrected data 
describing the exact^ nature of the completed prototype. In the case of a 
small organization where the project engineer has complete knowledge 
of every detail pertaining to a project and experimental manufacturing 
work is accomplished by a single person or very small group, it is practi- 
cable to solve the problem by releasing a set of ‘^master^’ prints to the 
person in charge of experimental manufacturing. All changes found 
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necessary during construction and testing are listed on these prints. 
These data can be used later to correct the drawings describing the 
article. 

A large organization involving considerable personnel in both the 
design and construction of an experimental article requires different 
methods of maintaining project history. It becomes difl&cult to ensure 
that all changes are marked on the master prints, and the hazard of 
their loss increases in proportion to the personnel handling the prints. 
Therefore, it becomes necessary to provide individual records, in the 
form of drawing changes, advance drawing changes, or engineering 
orders, describing each alteration made in the article. *These can later 
be incorporated into their respective drawings to obtain final corrected 
data accurately describing the completed, tested prototype. 

EXPEDITING DEVELOPMENT ENGINEERING 

There is little need to prepare a complete set of detail drawings when 
constructing an experimental prototype article. The variety of changes 
made during development will usually necessitate redrawing for clarity 
when production drawings are needed. Thus, the time spent to prepare 
complete, detail experimental drawings is largely wasted. This is not in 
contradiction of preceding statements regarding the necessity of main- 
taining a complete record of development engineering but refers to the 
appearance and quantity of experimental drawings. 

It is good practice to use layout drawdngs prepared to define the basic 
design of assemblies for construction of the prototype. This can be 
accomplished by preparing a duplicate tracing from the layout, assign- 
ing this a manufacturing-drawing number, adding necessary materials 
information and numbers for detail and subassembly parts, followed by 
release of prints for manufacturing purposes. Sketches issued as ad- 
vance drawing changes (see Chap. 11) provide information on detail 
parts that cannot be completely defined on the layout drawing. Preci- 
sion drafting is not important during preparation of drawings for an 
experimental drawing; only design and dimensional accuracy are neces- 
sary. 

When the design proves to be functionally correct and meets all 
specified requirements, the production drawings can be completed. 
These will be used throughout the company and should be the product 
of precision drafting and meticulous checking. Conformance to a 
standardized drafting system should be rigidly maintained in produc- 
tion drawings in order to facilitate training of manufacturing personnel 
in ready interpretation of the prints employed in their work. 



OPERATION 


35 


PROCESSING REQUESTS FOR DATA 

Engineering receives requests for data from a variety of sources, and 
they must be quickly and eflBciently answered. A procedure should be 


TEST REQUEST 

Ensineerins Laboratory 


NOTE: File ALL REQUESTS in TEST JOURNAL 
upon completion of tests. 


Test Order No^ 

Test Engineer 

Report No 


Test Requested by^ 


Test Specimen Drawing No 

OBJECT OF TEST (Summarize) 



DESCRIPTION OR SKETCH OF DESIRED TEST SETUP; 


WITNESS REQUIRB> 

ri A»f Corps Navy (^ Ryan Inspection. 

TVPE OF REPORT DESIRED 

I~~T Test Data Memo— -For Limited Distribution 

I I Complete Report — For A'r Corps, Navy, or General Distribution 

DtSPOSmON: Test Specimen Test Jig 

Authorized by 

■ ACKNOWLEDGMENT == 

This test has been assigned Test # Priority #_ 

The final test will be conducted by Mr_- - 


Fig. 2:3. — Test request form used by other departments to request test work by the 

engineering laboratory. 

established to insure that all incoming requests are recorded, acknowl- 
edged, and forwarded to the proper destination for answer. A follow- 
up should be maintained to insure that the answer is forthcoming within 
a reasonable time. In Chap. 5 it is recommended that processing of all 
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incoming requests be accomplished by the engineering planning group. 
When the size of the engineering department does not permit establish- 
ment of a separate planning fimction, the chief engineer should appoint 
a member of Engineering as the recipient and recorder of all incoming 
requests and provide means to insure that all requests are forwarded to 
that person. 

All incoming requests should be either immediately answered or 
acknowledged with a promise of the required information within a speci- 
fied time. Every effort should be made to provide the information on 
or before the due date. Nothing is more discrediting to Engineering 
than a reputation for evasive indecision and failure to provide needed 
information. 


CONTROLLING RELEASE OF DATA 

Adequate control must be maintained over all data released by Engi- 
neering to ensure the distribution of correct information and the absence 
of conflicting releases. Drawing release and the control of prints are 
discussed in Chaps. 9 and 10, and a method of controlling all releases 
through the engineering planning group is described in Chap. 5. Small 
engineering departments, where a separate planning function cannot be 
justified, should vest the control of engineering data releases in the per- 
son delegated to handle incoming requests for information. 

In all cases it is vitally important to provide means of controlling and 
recording the release of engineering information, including prints of 
drawings, copies of advance engineering information, specifications, re- 
ports, and correspondence. Unless this control is established and main- 
tained, vexing misunderstandings and expensive mistakes will arise from 
use of obsolete, erroneous, or conflicting information. Means must be 
provided to recall and replace obsolete prints, specifications, and reports 
and to delegate certain personnel as the only source of specified informa- 
tion. 


PATENTS 

Patents are a vital concern of the engineering department, as it must 
both avoid unintentional interference with existing patents and obtain 
full protection for patentable ideas conceived during product develop- 
ment. This phase of engineering is sufficiently important to justify the 
establishment of the position of patents engineer in any but the smallest 
engmeermg department. 

The patents engineer investigates all new ideas and developments 
concerning both product design and manufacturing processes and car- 
ries on the activities necessary to obtain required patents and licenses. 
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION 

INVENTION AGREEMENT 

AGREEMENT entered into by »nd between CONSOLIDATED VULTEE AIRCRAFT CORPORATION (hereinaftet called 

the Company), called Employee), WTNESSETH: 

In 'consideration of the mutual undertakings hereioafcer set forth the parties hereto do hereby agree as follows: 

1. The Employee agrees: 

(a) To disclose promptly in writing to the Company's Patent Department or to such person as the Company may 
designate, all Inventions and improvements hetetofoR or hereafter made, developed, peifected, devised or concrived 
by the Employee other solely or in collaboration with others during the Employee's employment by the Company, 
whether or not during Rgular working hours, relating to aircraft or parts and the manufactuR thereof, or relating in any 
way to aviation or to the business, developments or products of the Company; and if so requested by the Company, to 
assign, transfer and convey to tl^e Company all right, title and interest in and to all such inventions and improvements; 

(b) At the request and expense of^the Company, to make, execute and deliver any and all application papers, assign- 
ments or instruments, and to perform or caiue to be performed such -Other lawful, acts as the Company may deem 
desirable or necessary in making or prosecuting applications, domestic or foreign, for patents and reissues and extensioot 
thereof, and to assist and eoo^rate (without expense to him) with the Company or its representatives in any contro- 
versy or legal proceedings mlating to said inventions and improvements, or the patents whidj may be procured thereon; 

(c) To Kgard and preserve as conEdentlal all information pertaining to the Company's business or that may be 
obtained by the Employee from speclEeations, drawings, blue prints, nproduciions and other sources, and not to publish 
or disclose richer during the term of employment or subsequent thereto, without the written approval of the Company, 
such or any ocher conndeaoal mformation obtained by the Employee while in the employment of the Company, 

2. The Company, if it consideis any invention or improyesoent reported by the Employee pursuant to paragraph 1 
hereof to be of subnantial value and patentable, will, after completing its investigation in regasri thereto, award and p^ 
to the Employee the sum of Ten Dollars ($10.00). 

i. The Company, if it elects to acquire any inventioa or improvement referred to in paragraph 1 hereof, agrees: 

(a) To notify the Employee of its election so to do within rune months from the date of the complete disclosun 
of such invention or improvement to the Company: 

(b) To pay all expenses in connection with the preparation and prosecution of patent ai^carioss in the LSuted 
States of America a^ all forrign countries wherein ci« Company may desure to obtain patents; 

fc) To pay the Employee an additional cash award of Forty Dollars ($40.00) upon execution by Employee of 
applications for United States letters patent upon such invention or improvement, together with an assignment thereof 
to the Company; 

(d) To pay to the Employee an additional cash award of Kfty Dollars ($10.00) if and when the Company obtains 
a United States patent on such invenrion or improvement, it b^g undemood chat no such award will be paid to 
tbe Employee in eenneccion with the granting of any foreign patent; 

(e) To pay to the Employee for each of the Employee's inventions additional compensation conrisring of a per- 
centage of any income derived by the Company from any sale of such invention or part thereof, or from any tD 3 raltiet 
which the Company may collecc from licenses to others, including those. If any, in an awai.d by the Manufacturers Air- 
craft Assodatioft, Inc, for the tise of such invention, on a sliding Kale, as follows; 

Of the first $1,000 or part thereof. 30% 

Of the next $1,000 or part thereof 2y% 

Of any further sums in excess of $2,000 l 20% 

4> • It Is understood and agreed that the obligation of the Company to make paymenu pursuant to paragraph 3 (e) hereof 
shall continue during the life of any patent subject to this agreement notwithstanding termiiutiqn of the Employee’s employ- 
ment with the Company, and that in the event of the Employee’s decease, such paymena will be made to his executors, ainin- 
istrators or representatives. 

5. It is further, understood and agreed that the Company may sell such invention or Improvement, or license the manu- 
factuK thereof for such price or royalty as the Company in its sole judgment and dlsmtion shall determine, or if the 
Company elects so to do, grant royalty-free licenses for the use of such invention, or waive futuR royalties for a definite 
or inde^te period of time on any license theRtofore issued by the Company on a royalty bans, and that in any of such 
events, the Employee shall have no claim or claimi against the Company, except to receive xmder the provisions of para- 
graph 3 (e) hereof the percentages above uc forth' of such amounts as the Company shall collecc through the sale of such 
invention or improvement or the issuance of licenses to use the same. 

tf. If the Company shall fail to elect in writing chat it desires to prosecute a patent application on any mvention or improve- 
ment specified in paragraph 1 hereof withia nine months following the complete disclosuR thereof to the Company, then 
all rights of the Company in and to such invention or improvement shall revert to the Employee with the esccepdon only 
chat the Company shall have a paid-up son-exclusive license with respect thereto. 

7. Nrither this agRement sur any benefits hereustder are assignable by tbe Employee, but the terms and provisiom heRof 
shall inun to the be^c of rise Company’s successors and astigns. 

Dated: 

CONSOLIDATED VULTEE AIRCRAFT CORPORATION. 


Fig. 2:4. — Invention agreement of the profit-sharing type. 
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All new designs are studied with a view to avoiding interference with 
existing patents. 

Copies of all existing patents relating to company products should be 
obtained. Study of these patents frequently makes possible the de- 
velopment of completely new, advanced designs — as is so often the case 
when an old problem is attacked from a completely fresh viewpoint. 

Another duty of the patents engineer is encouraging the disclosure of 
patentable ideas by company employees. There was once a tendency 
to insist that all patentable ideas conceived by employees were the ex- 
clusive property of the company, irrespective of their nature. This pol- 
icy discourages employee inventions and is being rapidly abandoned. 
Definitions of the company’s “shop rights” to inventions conceived by 
employees as a direct result of their employment and the inventor’s 
rights to patentable ideas having no relation to his employment have 
been established. The qualifying factors in this relationship are many 
and complex, however, and beyond the scope of this discussion. 

Even though the company has definite “shop rights” to certain pat- 
entable ideas conceived by employees, the unrestricted exercise of this 
prerogative is certain to circumscribe the development of new and 
original ideas. Progressive business organizations have discovered that 
much greater profits result in sharing financial rewards from patents 
with the employee-inventor, beginning with modest awards upon appli- 
cation for and receipt of the patent and continuing with a percentage 
of all profits accruing through use of the invention. A typical patent 
agreement of this nature is shown in Fig. 2:4. The patents engineer is 
the company representative in such patent profit-sharing plans, and his 
skill in dealing with employee-inventors governs the success of the 
patent plan and to a large degree the success of the company — which is 
greatly influenced by the noncompetitive patent-protected design fea- 
tures present in its products. 



CHAPTER 3 

PERSONNEL 


Administration of the engineering department, as separate from the 
design and drafting activities, can be divided into two prime phases: 
business relations and human relations. The latter involves intelligent 
classification, supervision, and leadership of employees. 

Human relations and the technique of handling people deserve con- 
stant study by every engineeriag executive and supervisor — for a leader 
can he onl^j as successful as Ms subordinates permit. Detailed considera- 
tion of the complexities of human relations is beyond the scope of this 
text, and the reader is referred to the following constructive treatments 
of the subject: 

Heyei., Care; ‘‘Human-relations Manual for Executives/^ McGraw-Hill Book 
Cornpany,. Inc., New York, 1939. 

ScHELE, Erwin Haseeee: “The Technique of Executive Control/' 4th ed., 
McGraw-Hill Book Company, Inc., New York, 1934. 

MacGregor, Leseie: We’U Need Human Engineers, Wings, November, 1944, 

pp. 1280 - 1281 . 

Certain basic policy and procedure must be established for personnel 
control as the foundation of human relations between supervisor and 
worker. These can be termed the “mechanics” of personnel control and 
are considered in this chapter. Few of these are unique to the engineer- 
ing department but should be understood by all engineering executives 
and supervisors. 

EMPLOYEE MORALE 

Departmental efficiency is directly proportional to employee morale, 
and this is dependent upon an intelhgent operating program. Manage- 
ment must be certain that key personnel are fully informed of the nature 
and purpose of all work in progress and should confirm its confidence in 
their ability and discretion by delegating to each authority commensu- 
rate with his responsibihties. Nothing is more destructive to morale than 
denying necessary information and authority to subordinates. Even 
withholding information not strictly necessary for accomphshment of 
work may be objectionable, for this may produce the belief that engineer- 
ing management lacks confidence in its executives and supervisors. 

39 
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Foremost among causes of departmental discord is failure to adhere 
in all circumstances to the established line of authority. In no case 
should an engineering executive issue instructions directly to a worker 
but should either transmit them through the worker^s supervisor or re- 
quest that the worker be temporarily transferred for a special assign- 
ment. Everything possible should be done to maintain the position of 
executives and supervisors. Employees should first refer all complaints 
and requests to their immediate supervisor. Only when the supervisor 
is unable to adjust the problem satisfactorily should the worker appeal 
to engineering management. A worker who ignores this procedure by 
going directly to management with a problem should be promptly re- 
ferred to his supervisor, without benefit of immediate decision or adjust- 
ment. 


STATUS OF SUPERVISORS AND EMPLOYEES 

< 

Supervisors must be established as definite leaders of their personnel. 
The final decision in hiring personnel should be made by the super^dsor 
for whom the employee will work. All recommendations for wage in- 
creases should either originate with the supervisor or receive his ap- 
proval. Each executive should have complete authority to dismiss per- 
sonnel working under his direction and should heed termination recom- 
mendations of his supei:visors. This policy places considerable responsi- 
bility upon each executive and supervisor and provides the authority 
necessary to command the respect of their personnel. It will not insure 
the respect of their personnel, for that is gained only by demonstrated 
ability as a leader. Engineering management must guide and educate 
each supervisor in proper usage and control of his authority and assist 
in developing his capacity for leadership. 

Management should never criticize a supervisor in the presence of a 
worker and should normally confirm the supervisor's decisions in all 
cases. If the supervisor's action is in error, he should be corrected in 
private and given an opportimity to rectify his mistake without loss of 
prestige. The supervisor guilty of frequent errors should be replaced — 
preferably by disnoissal rather than demotion. Few employees are able 
to accept demotion without ill-feeling toward the company and loss of 
interest in their work. 

The chief engineer must avoid circumscribing the positions of the 
executives who form his staff command. Each of these is responsible 
for accomplishment of specified duties within scheduled periods, with 
the required degree of accuracy, in conformance with governing con- 
tracts and specifications and within limits of established budgets. Effi- 
cient discharge of these duties requires freedom of action to (1) deter- 
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mine detail methods best suited to accomplish the work, (2) obtain the 
required personnel, (3) assign this personnel to the work for which they 
are best suited, and (4) dismiss unsatisfactory employees — these actions 
being subject, in all cases, to company standard practices and methods 
and maintenance of lines of authority and discipline. 


PERSONNEL POLICY 

A prerequisite to engineering personnel control is a well-defined com- 
pany policy that observes the fundamental rights of both employer and 
employee. This policy must be uniformly applied through the com- 
pany, as exceptions and deviations applying to engineering personnel 
will result in discord. 

Engineering cannot create the company personnel policy but can take 
the initiative in assisting management to establish a soimd policy. Un- 
less the company policy is healthy, it is a waste of effort to attempt en- 
gineering personnel control. Instead, engineering management should 
concentrate its efforts upon development of a valid company policy — 
followed by creation of specialized control to handle personnel matters 
peculiar to engineering or more vividly apparent in the engineering 
department. 


COMPANY RULES AND REGULATIONS 

After the basic company policy is crystallized, it should be presented 
in an employees^ manual, with copies distributed to aU company per- 
sonnel. The publication oithis manual, stating basic rules and regula- 
tions governing conduct and duties of employer and employee, is a pre- 
requisite to the maintenance of harmonious personnel relations. It need 
not be an elaborate, artistic publication. Even a brief mimeographed 
bulletin establishing basic company policy and rules is preferable to the 
confusion of a vague policy — subject to daily interpretation and mis- 
understanding by both supervisors and workers. A majority of personnel 
grievances stem from deficient knowledge of company policy and regula- 
tions. 


EMPLOYEES’ MANUAL 

The preparation of an employees^ manual deserves considerable 
thought, for it must be more than a bald statement of rules and regula- 
tions. Information must be presented in a manner that will not antago- 
nize (for we must remember that the average human is not overly re- 
ceptive to regulation) and must be sufl&ciently interesting to insure its 
being read. Its message must be free of ambiguities and impossible of 
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msinterpretation. The manual should present sound reasons for all 
)rohibitions and restrictions. Employees are more likely to observe 
^donTs'' when it is understood that each is based upon a valid necessity. 

A comprehensive employees’ manual should provide information on 
'1) plant-protection regulations, (2) plant practices and employee con- 
iuct, (3) pay-roll regulations, (4) company personnel policy, (5) func- 
tions of the personnel department, (6) services available to employees, 


INDUSTRIAL RELATIONS 

statement of Principles 

It is the policy of the Ryao Aeronautical Company 

1. To treat all employees fairly and without discrimination. 

2. To afford each employee opportunity to advance within 
the Company. 

y. To £11 vacancies by transfer or advancement, if present 
employees are qualified. 

4 . To maintaun a fair and equitable rate of pay for services 
rendered. 


5. To provide safe, healcbful, and harmonious working con- 
ditions. 

6. To assure each employee the right to discuss freely with 
executives any matter concerning either his own or the 
Company's welfare. 

Industrial relations problesm are largely those of keeping harmony 
and balance in relationship between employer and employees. When 
these are solved there is fine Cooperation in doing the work under- 
taken. In the Ryan Aeronautical Company this coordination is a 
part of the work of the Industnal Relations Department. It relates, 
chiefly, to employment, /ub classification and evaluation, interpreta- 
cions of labor contracts, and various services of personal convenience 
to employees (see pages J5 to 48). 

Your first cont.icc with the Ryan Aeronauti- 
cal Comoany was, probably, through the Em- 
ployment Division of the Industnal Relations 
Deparemenr, Those who discussed employment 
with you were interested in placing you where 
you could serve most satisfactorily to yourself 
and the Company They are equally interested 
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that your relat'onships with the Company continue to be satisfactory. 

You arc urged to assist in this erfort by infonning the Wage and Salary 
Division promptly of any change in your .-ddress, telephone numEser, 
or maritai status. Please give such information not later than three 
days after the change occurs. 

Your telephone number, address, duration of employment, earn- 
ings, and other records are treated in stnetest confidence. In return, 
your confidential attitude toward personal information among your 
fellow employees is appreciated. 

Job Evaluation and Wage Bate Schedule 

The Ryan Aeronautical Company, one of the airframe minu- 
facturers of southern California, is operating under the Job Classifi- 
cation Plan and Wage Race Schedule provided for in the National 
War Labor Board Directive Order of March J, 194J. 

Classifications. Descriptions orf jobs earned on in the Ryan 
plant have been written in definite, ratable form- These take into 
account various factors covering the requirements of, and the 
eflec^ on, the employee, such as skill, effort, responsibility, educa- 
tion, working conditions and unavoidable hazards. Each of these 
factors was considered as to the degree it is involved in the job and 
a definite number of points accordingly assigned. The sum of these 
points constitutes a job evaluation or job point grading for each job. 

Rate Determination. Employees who have had little or no ex- 
perience or training will be classed as beginners. Such employees will 
be paid a minimum beginnar's rate. Beginners will receive an in- 
crease each four weecks, if retained, until the minimum regular 
wage scale is atuined. The beginner who has served the required 
probationary period will, by the end of four additional weeks, be 
given a definite job classificatioa. 

Employees having substantial experience at the time they are 
hired, may be classified for the job on which they are placed when 

as 

I y 


Fig. 3:1. — Specimen pages from typical employees’ manual. 


and (7) physical welfare, including medical services and safety regula- 
tions. The manual should be well indexed to facilitate location of in- 
formation. 

Although the preparation of such a manual is not a normal function 
of Engineering, it is desirable that engineering management be familiar 
with the general requirements of such a publication. Engineering is 
then able to offer constructive suggestions to company management dur- 
ing preparation or revision of the manual. 

PERSONNEL RECORDS 

Maintaioing records of personnel transactions requires adequate 
forms. Identical forms should be used throughout the factory to record 
hiring, transfer, reclassification, and dismissal of employees. Develop- 
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Fig, 3 :2(<z),— Employment application. 
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1 Naturalized Port of N^e of 

L — Citizen . Entry - 

Dace of Data of 

„ . _ First Papers Second Papers .. 

NAMES AND ADDRESSES OF APPLICANT’S IMMEDIATE FAMILY INCLUDING 
RELATIVES OF SPOUSE (Your wife or your husband) 


Najue of Spouse _ 

Nnine O'! Applicant's Fathar „ 
Nanse of Applicaut's Motbar 

Name of Spoiue’i Fatlier 

Name of Spouse’s Mother . _ 

Other Members of 
Fanuly Now living Sts 
Ferti^ Countries^ Name- 


Addreu^ 

Address . . 

„ _ „ Address .. 


_ Place of Birth 

_ Place of Bisth 


Please List Church, Clubs and 

Orfanlzacsoiu of 'Winch, "You are a Member 

Hare Tea any Relatires in the Employ 

of This Company, If so Gire Their Nasocs 

Nnsaeiuid Position of Any 

Friend Employed hy This Company^ _~~ 

In Case of Accident 

Whom Should We Netify? 

Knr* you had Military Training} — _ 'What Eraneh of Ssrrica?^ 

Rating 

Reaaon foe Terminatiost of Enlistment 

Aircraft Meek, License. Yea No Type 


GIVE THREE REFERENCES NOT RELATIVES OR FORMER EMFLOYERS 

aoouss i maPHCW ” 


MARK NUMBER OF MONTHS WORKED ON ANY OF THE FOLLOWINGi [ 

AMtmmhUt 

T.” 

CahkSpLccr 

__ Carpenter 
„ Cheadsc 

_ _|cwk 

. . Ceme Operatoe 

ClayModelcr 

. . Doctor 
.... Drsftaman 
Eagineertag 
_ ~ Estiauitor 
. Elcetrictan 
.. FUeCUrk 

_ FoodHandler 
. Fouadryniaa 
„ Fcnder&BodyMan 
Heat-Tr«ater 

lastrumcat Maa j 
Jig Kuildar i 

„ Machinist 
.. Mechanic 

- Millwright 

- Maiafenaace Maa 
Model Maker 
Machine Oper. 
Nurse 

.. Newspaperman | 

Lawyer 

1 OfSce Mach, Oper, 

P.B JC Operator 
Painter 

.. Photographer 
. Plater 

Plumber 

Pattern Maker 

PnntcT 

Radio 

. Sand Blaster 
Sewing Mch. Opr. 

1 Sheet Metal Work 

' Stenographer 

Tuns Keeper 

Truck Driver 

— Tool&Dicmakcr 
Teacher 

. Watchman 

1 Welder 


APPUCANT— DO NOT W R ITE IN SPACE BELOW THIS LINE 


Hhredby 

Job Classification _ 


For. Shift - 

- Labor Grade 


V, S. Wax Bead Payroll Ded uct ion; . 

Gtnup Insurance ____ — 

Other Insurance Csirried... 

ReladoBshsp > 

Social Security No. Cheched 


Address . 

Citizenthip Checked _ 


RYAN AERONAUTICAIi COMPANY 

tlNO»«KCH nun, SAN MCQ, CAUPOVOA, U. & A. 


Si^BAtun of Eo»plor«o 


Fig. 3 : 2(6). — Employment application (.Continued). 
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ment of detail procedures and routings governing their usage is a con- 
cern of the personnel department, although engineering executives and 
supervisors should be familiar with the general nature of satisfactory 
personnel records. Occasions often arise that require engineering- 
management participation in conferences regarding company per- 
sonnel affairs. The specimen forms shown in Figs. 3:2 through 3:11, 
used by all departments of a large industrial organization, represent the 
mechanics of adequate personnel records. 


EMPLOYMENT NOTICE 

THIS PARTIAUUY FILLS EMPUOYMfcNT 
PEQUEST NUMSER 


FMPI ovrp. keep this form to 
L lTirJ.iUlJliCi- gain entrance to 

PUNT AND SECURE PERMANENT BADGE AND 
PASS. 


NAME 

startinq 

SIJ' i« 1 MALE □ FEMALE □ 

NAME OF DEPARTMENT 




RATE^^ 

PROSATIONARY 

NAME OF 

INTERVIEWCO 


^ J 

1 1 1 1 1 II IK 1 

rc&. Vl/ITKHObQiHa 

TAX 

WAft BONO BeWKCTIVE 

CAOU^ ms. SCAVICC 

t HAVE Rcceiveo 


PERSONNEL - RECORD 
WAGE AND SALARY ADM. DiV. 


Fig. 3:3. — Employment notice. 


A comprehensive employment-application form, shown in Fig. 3:2, is 
the foundation of personnel records. All applicants for employment are 
required to prepare this prior to their first interview. The recorded in- 
formation permits the determination of the applicant’s suitability for 
available positions before an interview is granted and avoids spending 
time with applicants obviously unsuited for existing vacancies. The 
employment application becomes an authorization for 'hiring when ap- 
proved by a department head and forwarded to the personnel depart- 
ment with a notation of the starting rate. If the new employee has been 
promised an increase at the end of a probationary period, this is also 
noted. Upon receipt of the approved application the personnel depart- 
ment initiates the emplo37ment notice shown in Fig. 3:3. 

One copy of the employment notice is given the employee to insure 
his admittance to the company on the first day and authorizes issuance 
of badge and temporary identification card. Other copies are forwarded 
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to the persoimel history file, the employee’s supervisor, and the pay-roll 
section of the accounting department. 


EMPLOYEE PROBATION NOTICE 


Department . 
Employee — 


tim 

_ Classification .. 


Hired 

The above named employee will complete the probotlonory period of... 


Present 
Rate. 


If employee Is satisfactory, sign and return this form to the Wage ond Salary Division. If employee 
is r»t sotisfoetory sign, fill in blank below and attoch this form to the Termination Notice. 

This employee is not sotisfoetory because. 


Oeportment H 

WAGE AND SALARY OlV.— ORIGINAL 


Fig. 3:4. — Employee probation notice. 


The probationary review, shown in Fig. 3:4, is forwarded to the new 
employee’s supervisor 30 daj^'s after the employee’s hiring date. The 
supervisor can authorize a wage increase, confirm satisfactory job per- 
formance without recommendation for wage increase, or recommend 
termination. The recommended action is subject to approval by the 
supervisor’s superior. 



A change of status (see Fig. 3:5) is issued whenever an employee’s 
rate, classification, shift, or department is changed. Copies are fur- 
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nished the personnel history file, the employee’s supervisor, the pay- 
roll section, and the employee. 

ABSENTEE REPORT 

RVAN AERONAUTICAL CO. 

SAN OtEGO. CAUFORNIA 

TO DEPARTMENT HEAD OR FOREMEN 
The following employee has been reported absent 

Name . Shift \ Clock No 

REASON FOR ABSENCE 

Q Cold n Personal Business 

Q Personal Illness Q Accident 

n Transportation Miscellaneous (Specify) 

Taken by 

WAGE k SALARy OlVISION— INDUSTRIAL RELATIONS DEFT. 

Fig. 3 : 6. — Absentee report. 

Employees unable to report for work are required to inform per- 
sonnel within twp hours after the start of their shift, stating the cause 
and anticipated duration of the absence. Personnel then prepares the 


Will return 

PERSONNEL FILES 


Q Illness in family 
Q Death in family 


Date __ ^ 
Time 



Note: Emplace must report 
to th« Industrial Relations De- 
partment upon returning from 
leave before starting wbrk. 


Leave of Absence 


Date. 


I hereby request a leave of absence to begin 


and returning to work.... 


(Date) 

, for the following reason: 


Leave of absence, up to thirty days, without pay and without loss of seniority, will be granted, if the request is made in writing 
and approved in writing for the Company by the appropnate Department head. 

Extension of such leove of absence may be granted, at the discretion of the heed of the Department, when written application is 
made to him and approved by him prior to expiration of the onginal leave of absence. 

Upon returning from the leave of absence, the employee must report to the Industrial Relationt Department before starting woik. 

Failure to return at. or before, expiration of leave of absence— or on extension thereof— ^ill amount to voluntary resignatioa from 
employment. 

To obtain leave of absence, an employee must put his written request on the prescribed form, in four copies: of which one copy 
will be retained by the Department, one will be delivered to the employee (after it has been aoproved], and N(p copies will be deTiv- 
eied to the Industrial Relations Department for its records. 


Dept. Head or Foreman 


Employee's Signature 


d forward rest to Industriel Rctabons Dept. 


Fig. 3 : 7, — Leave of absence request. 


absentee report shown in Fig. 3:6, forwarding the original to the em- 
ployee’s supervisor and a duplicate to the personnel history file. Per- 








48 


mOINEEBING ORGANIZATION AND METHODS 


soimel is notified of all absentees by Timekeeping. Those failing to re- 
port the cause of their absence are listed as absent without leave, and 


NOTIi BmpUyt* tmmU np4ii to tho 
ImJoMol HtUVmm Otp't, mpoo 
horn votaVo* b«fM« w«fL 


Employee Vacation Request 


RyAN AERONAUTICAL CO- 

SAN DlEdO. CALIFOANIA 


TO DEPARTMENT HEAD OR FOREMAN: 

I. 

U*t Naffl« 

working on kho . , . , - , . , ii 

Shift 

r*qu««t p«miU«ion io take my earned vacation time of-_ 


Department Name and Number 
working hours with pay, at my regular rate of pay 


□ Vacaliorj time, as requested, APPROVED 

□ Vacation time, as requested, REJECTED 
Pay in lieu of Vacation approved Q 

Pay in Liau Approved . 

Reason for Rejection 


EMPLOVEE'S 

SIGNATURE 

To be filled in by the Wage and Salary Division 

This Vacation has accrued by reason of one 
year’s service ended ■— _ _ . 

□ Vacation request APPROVED by Industrial Relations Department- 
O Yaeation request REJECTED by Industrial Relations Department. 

Reason for R ejection 

W«g« A Salary Adm. I 




SEND ALL CONES INTACT TO WAGE AND SALAKY PIV. INDUSTRIAL ROATIONS OEPT. 

Industrial Ratabons Dep't 

FORM MO 1 

iwam tsoA-fo 




Fig. 3:8. — ^Vacation request. 


an absentee report is issued to that effect. A notice is attached to the 
timecard of each employee requiring appearance at Personnel to 
explain the cause of his absence, prior to returning to work. 



Ryan Aeronautical Co. 


PASS OUT 


Irregular Hours 

WATCHMAN; 

D*le_ - 


a. No.. 

Who Is Lcoving This 

A.M. 

DepArtoent at,- 

P. M. on Account of 

TIMEKEEPER 

k)REMAN 

DepL. 

— 

rCJtM e>l4 IBM s.44.102 



Pig. 3:9. — Pass for employee leaving factory during normal work period. 


Leaves of absence, up to 30 days^ duration, are granted without pay 
or loss of seniority when requested on the form shown in Fig. 3:7. Each 
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request must be based upon a valid reason and be approved by the 
employee's department head. Copies of approved requests are distrib- 
uted to the employee, his supervisor, and pay-roll and personnel depart- 


RYAN AERONAUTICAL CO. 
Property Pass 


NAME i - CLOCK NO 

Personal 

PROPERTY; 

□ Loose Tools □ Box and Tcx^ls 

Oxck Ch«ck ■ 

Signed — Dept - 


Dep’t He»<l I 

Fig. 3 : 10. — Property pass. 

ments. The form shown in Fig. 3 : 8 is used in a similar maimer for vaca- 
tion requests. 

It is sometimes necessary for an hourly employee to leave the factory 
during working hours on personal or company business. A pass (see 
Fig. 3:9) is issued by the employee's supervisor in such cases. The 



original authorizes company guards to permit the employee to leave; 
the duplicate is placed in the personnel history file. The property pass 
shown in Fig. 3:10, when signed by a department head, authorizes com- 
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pany guards to permit the employee to leave the plant with the stipu- 
lated property. 

All employees scheduled for termination are interviewed to determine 
the possibility of transfer to another department as an alternative to 
dismissal. When an employee is dismissed for gross misconduct, this 
possibility does not ejjiist, but transfers are often arranged for employees 
dismissed as the result of changing departmental requirements. The 
clearance request shown in Fig. 3 : 11 is initiated whenever an employee 
is scheduled for termination and upon being forwarded to the personnel 
department inaugurates the pretermination interview. Following the 
interview the clearance request is returned to the employee's depart- 
ment head for approval, followed by distribution of copies to depart- 
ment head, pretermination interviewer, personnel history file, pay-roll 
section of accounting, and personnel department pay-off desk. Pay 
roll issues the employee's final check upon receipt of their copy of a 
termination clearance notice and forwards the check to the pay-off desk 
for delivery to the employee upon completion of termination procedure. 

ENGINEERING PERSONNEL CONTROL 

The general requirements for engineering personnel control are sunilar 
to those of other departments. Personnel control establishes simple, 
practical methods of handling personnel procurement, complaints, and 
terminations; maintaining personnel assignment and history records; 
and administrating wages and salary. A large engineering department 
also needs a method of trainmg new employees in company procedures. 
Occasionally education programs are required for both workers and 
supervisors. 

Company personnel departments are well qualified to handle the 
general personnel work of recording employment applications, investi- 
gating citizenship and references, recording absentees, and maintaining 
employee histories. Rarely are they sufficiently familiar with engineer- 
ing problems to handle aU detailed personnel affairs. Thus, it is desir- 
able to establish supplementary personnel controls within Engineering. 

Detailed personnel affairs comprise (1) interview's, (2) classifications, 
(3) employee records, (4) complaints, (5) training supervisors in han- 
dling men, (6) wage and salary reviews, (7) transfers, (8) terminations, 
(9) overtime, and (10) shop passes. Although some of these are not 
peculiar to Engineering, they are frequently more acute there than in 
other departments. 
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ENGINEERING PERSONNEL MANAGER 

When the engineering force is small, the departmental personnel 
affairs are usually handled by the administrative engineer or the chief 
draftsman. As the department grows, the personnel work keeps pace, 
and a point is reached where the burden justifies the establishment of an 
engineering personnel manager. The duties of this position involve 
handling all personnel affairs for the engineering department, and con- 
siderable care is necessary in selecting the person for this position. To 
be truly effective the engineering personnel manager must be able to re- 
lieve the chief engineer and his staff of personnel duties by acting for the 
chief engineer in the majority of personnel affairs. The engineering per- 
sonnel manager must be well versed in human relations and be able to 
obtain the confidence of employees to the extent that they will feel that 
the personnel manager’s decisions *are identical with those of the chief 
engineer. 

The engineering personnel manager must truly become an alter ego of 
the chief engineer, delegated to act in all matters relating to personnel. 
This can be accomplished if all employee complaints are referred to the 
personnel manager and no action taken in human-relations problems 
without first consulting the personnel manager. When employees real- 
ize that it is futile to attempt to circumvent the engineering personnel 
manager by direct appeal to engineering executives, the personnel mana- 
ger will become of real value in relieving these executives of detailed per- 
sonnel affairs. 

One of the most unpleasant duties of the engineering personnel mana- 
ger is sitting in judgment upon an employee accused of misconduct. It 
is vitally important to maintain a reputation for fairness in such cases. 
The Roman code of justice does not apply in this country, and the em- 
ployee must always be considered innocent imtil proved guilty. Every 
effort should be made to investigate all circumstances fully, and httle 
faith placed in hearsay evidence. An employee should never be accused, 
tried, convicted, and sentenced without ample opportunity to present a 
defense and confront his accusers. To do otherwise is a certain method 
of destroying employee morale. 


EMPLOYMENT INTERVIEWS 

Preliminary interview of all prospective engineering employees is a 
function of the engineering personnel manager. This screening elimi- 
nates the obviously unfit and directs promising candidates to the proper 
executive or supervisor for final interview. 
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Salary is an important consideration during final interviews of pro- 
spective employees. Each executive authorized to hire personnel must 
be familiar with company wage and salary schedules and should avoid 
starting new employees at the top rate for a particular job classification. 
Unless this caution is observed, it is difl&cult to reward good workman- 
ship with wage increases except by reclassification, which is sometimes 
neither possible nor desirable. This may make necessary a starting rate 
lower than that previously earned by the prospective employee. The 
prospect will usually accept the lower starting rate if the position is 
shown to offer good opportunity for advancement or considerable secur- 
ity. 

Care must be used to avoid expressed or implied promises of future 
wage increases. Unless it is definitely known that a specified increase 
can be granted at the end of a stipulated period of satisfactory job per- 
formance, it is unwise to make commitments. Ambiguous promises 
lead only to employee discontent in later weeks. When a definite in- 
crease is promised at the end of a probationary period, it should .be 
granted without the employee having to remind his supervisor. A nota- 
tion of the promised wage increase should appear on the approved em- 
ployment application. This permits the engineering personnel manager 
to remind the supervisor by initiating a special wage review shortly be- 
fore the end of the probationary period. 

PERSONNEL HISTORY RECORDS 

Complete histories of each employee are essential in engineering be- 
cause of the highly specialized and varied work involved. Frequent 
personnel transfers from one section to another to meet schedules also 
require immediate access to employee records. The history file for each 
engineermg employee, normally maintained by the company personnel 
department, should be retained by the engineering personnel manager. 
This file begins with the approved employment application authorizing 
hiring the employee and receives copies of subsequent employment no- 
tice, change of status forms, absentee reports, wage and salary reviews, 
and other personnel records. It is advisable to provide also a summa- 
rized employee history record, in addition to this master file, for ready 
reference to pertinent facts regarding each employee. 

A satisfactory engineermg employee record is shown in Fig. 3:12. 
This is an 83^ by 11-in. card having on one side a concise record of per- 
sonal facts, experience, wage increases, and attendance. A date strip 
along the upper margin is flagged with colored signals to indicate draft- 
deferment expiration, vacation, and next wage-review times. The 
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(ft) 

Fig. 3 : 12. — Engineering employee record. 
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other side of this record lists the employee’s experience within engineer- 
ing, vacations, wage-adjustment recommendations, and job-perform- 
ance ratings. The space for the last item provides both for the ratings 
recommended by the employee’s supervisor and for corrected ratings 
approved by the engineering personnel manager. 


WAGE AND SALARY REVIEWS 

Each engineering employee should be periodically reviewed on the 
basis of job performance to ascertain if an increase in wage or salary is 
merited. The practice of hit-or-miss increases cannot be tolerated, and 
it is necessary to provide a simple, effective method of revie^ving each 
employee at specified intervals. Frequency of review' is governed by 
company policy, rmion contracts, or a combination of both but in all 
cases must be definite and imderstood by all employees. A 16-week 
period is often used for hourly employees and semiannual reviews for 
salaried 'personnel. All job-performance ratings should be made by the 
employee’s immediate supervisor, subject to approval of his superior 
and the engineeriag personnel manager. 

The employee performance rating form shown in Fig. 3 : 13 is for non- 
supervisory hourly personnel and provides 12 variations in each of 10 
basic factors. A cross is insei'ted in the numbered square opposite the 
condition that best describes the employee’s performance. Each column 
is totaled, and a grand total entered in the lower right comer of the card. 
This is the employee performance rating and determines the advisability 
of an increase in pay. An employee failing to receive a rating of 95 or 
better rarely merits an increase. A job-performance schedule for non- 
supervisory salaried employees is shown in Fig. 3:14. A rating of less 
than 79 rarely justifies a salary increase. A similar performance-rating 
method is used for supervisory personnel (see Fig. 3:15) except for re- 
arrangement of data on the form. Emphasis is placed upon leadership, 
cost consciousness, and employee relations. A score of 375 or better is 
usually necessary to merit a salary increase. 
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Fig. 3: 13(a). — Job-performance rating form for nonsupervisory hourly employees. 
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This card must be completed, signed, approved 
and returned to the Job Evaluation Department 
within 48 hours. 

INSTRUCTIONS 

Each employee must be carefully appraised 
and graded. For example, jn the column at the 
left the first factor is "Interest in Work." To the 
right we find twelve sentences. Choose the one 
which best tits the employee and insert a cross (X) 
in the numbered square. Follow the same pro- 
cedure for the other nine factors. Total each 
column, then insert the grand total in the lower 
right hand corner of card. 

If the card is shown as a beginner indicate 
what the first classification should be by inserting 
it under beginner. If a reclassification is desired 
the same procedure is followed. 

If a wage adjustment is not recommended, 
explain 


Signed. 

FORM E37 8M 3.45-102 


Fig. 3:13(6). — Reverse side of job-performance rating form for nonsupervisory hourly 

employees. 
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NOHSUPEIIVISORY PERSONNEL REVIEW l)*l« 

Department 

Employee - -- Clock Ho. Position .. 

In conducting this review, be exact tnd Impartial. Remember that you are making this review to let the 
employee know how he is regarded, and to serve as a basis for constructive suggestions. It should rep> 
resent the views of the two persons immediately over him In line of authority. 

On the rating form below, Judge this employee on the basis of the work tiw being done. For each factor, 
place an *X" on the line, selecting the degree you feel best fits the employee under consideration; 




Rated by Checked by Date 

Return to: Magt i salary Aininiatration division, Industrie! galationa Deiiarttnt, 
E-106 


Fig. 3:14. — Job-performance rating form for nonsupervisory salaried employees. 
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Fig. 3z15. — Job-performance rating form for supervisors. 
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OVERTIME 

Overtime is an evil that should be avoided wherever possible, and 
under no circumstances should it become customary. It is a proved 
fact that when overtime exceeds a few consecutive days, the continued 
mental fatigue causes employee slowdown to a point where the work 
accomplished during a normal work day plus overtime is not greater 
than was originally accomplished without overtime. Quality of work 
rapidly deteriorates when employees are subjected to a. continued over- 
time schedule. When overtime is readily obtained, a tendency may de- 
velop for supervisors to be overoptimistic regarding completion dates, 
on the premise that overdue jobs can always be rushed through to com- 
pletion on overtime. 


TO: CHIEF DRAPTSMAM interstatk aircraft and ENGINEERINS corf. date of overtime. 

WU-AJHIRC DIVISION 


FROM: GROUP OVERTIME REQUEST 

MUST BE TURNED IN BY 3:00 PJd. FOR WEEK DAYS. BY 1 1:00 A.M. SATURDAY FOR SUNDAY. 


B 
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GROUPvLEADER APPROVED. 


Pig. 3:16, — Overtime request. 


However, there are occasions w^hen overtime is necessary, and a 
satisfactory control must be established to care for these cases. The 
authority to approve or reject all overtime requests should be delegated 
to either the administrative engineer or the chief draftsman, depending 
upon the organizational structure of the department. All supervisors 
requiring overtime should make wTitten request before the close of the 
workday (see Fig. 3:16), listing their personnel involved and the reason 
for the overtime. Upon approval of the request a special overtime pass 
(see Fig. 3:17) is issued to each employee authoiized to w^ork overtime. 
This pass permits the employee to gain admittance to the department 
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after regular working hours and is turned in with the employee’s time- 
card on the following morning. The pass is the timekeeper’s authority 
to accept the overtime shown on the timecard. 


OVERTIME AUTHORIZATION 

El Sagundo Divition 

FOR ALL OVERTIME BEYOND REGULAR HOURS 


EMPLOYEE; CLOCK NO 

Is authorized to work overtime as follows: 

" date FROM "to ’ HOURS 

Reaso'n for Overtime 


• Suparvitor 

Overtime authorization must be secured BEFORE overtime worked. Place this authorization 
In rack with your time card the same day overtime is worked. 


Fig. 3 : 17. — Overtime pass. 

There is a genuine need for using a formal method of requesting over- 
time and establishing deadlines for submitting these for executive ap- 
proval. Unless this is done, it is difficult to keep supervisors alert to 
the necessity of planning sufficiently far in advance to avoid the fre- 
quent occurrence of sudden emergency work. 


SHOP PASSES 

Another vexing problem is the control of nonsupervisory employees 
who must visit factory departments in connection \Yith engineering 


SHOP PASS 


VULTEE AIRCRAFT INC 
VUI.TSE riiLO Division 


BUTTON NO- 


GOOD FOR ENGINEERING BUTTON WHICH MUST BE 
DISPLAYED IN FULL SIGHT WHEN ENTERING ANY 
DEPARTMENT IN THE SHOP. 


DRAFTSMAN 


.DATE. 


GROUP time 

LEADER’S O.K ISSUED. 


Fig. 3 : 18. — Shop pass request. 


work. The prerogative of freely visiting other departments cannot be 
extended, for there are always a few employees who are certain to take 
advantage of the privilege. 
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A simple solution is the use of a shop-pass badge that must be worn by 
nonsupervisory engineering employees whenever in other departments. 
This is effective when company policy establishes that shop foremen 
shall refuse to allow the presence in their department of a nonsupervisor 
engineering employee who is not wearing a shop-pass badge. A shop- 
pass request form (see Fig. 3:18) must be signed by the employee's 
supervisor before presentation to the chief draftsman’s ofl&ce to obtain 
a shop pass. 

When a guard is stationed at the entrance to Engineering, it can be 
made his responsibility to issue these badges upon presentation of a 
properly authorized request. The badges are loaned only for a short 
period and must be returned before the close of the day on which they 
were issued. 



CHAPTER 4 

COST CONTROL 


Methods for collecting and allocating costs are a basic necessity for 
the engineering department, since intelligent planning is impossible 
without accurate knowledge of costs, both in man-hours and money. 
A thorough cost-control system goes beyond the strictly timekeeping 
and accounting phases of collecting and allocating costs. It also en- 
compasses cost reduction through application of sound industrial en- 
gineering and production-design principles. 

Cost control is closely allied to engineering planning, and both are 
prerequisites for efficient operation of the engineering department. 
When these activities are functioning, work will be completed within 
allowed budgets on scheduled completion dates and will be properly co- 
ordinated to insure fulfillment of all requirements. 


BUDGETARY CONTROL 

The first step in cost control is establishment of an over-all budget 
for the engineering department, followed by individual budgets for each 
operating unit. These budgets must have flexibility for possible revision 
to accommodate changes in engineering work in progress. 

Each unit of engineering must operate within its current budget and 
be governed by periodic budget reports issued by the cost-control activ- 
ity. A time-charge system must be established to give daily cost ac- 
cumulation by charging every engineering hour against a designated 
account. These acounts not only must provide for charging time against 
each project within engineering, but must also provide sufficient detail 
breakdown to show exactly how costs are distributed within each proj- 
ect. This permits compilation of cost records that indicate why budgets 
are exceeded or decreased. 

No engineering work must be accomplished imtil an account is assigned 
to cover the job. Each employee furnishes the cost-control group a 
daily report showing the distribution of his day^s work, with the proper 
number of hours allocated to each account. These daily costs reports are 
then summarized by Cost Control to show cost allocations and budget 
expenditures. 
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When tabulating machines are available, it is practicable to use the 
employee’s daily timecard for recording costs. The engineering cost- 
control group can then be furnished a daily record of cost distribution 
by the tabulating department. 

A time-charge account system adequately providing for accumulation 
and segregation of engineering costs is detailed in Appendix I. The 
method described is based upon work orders issued by the engineering 
planning group and can be independent of general company timekeep- 
ing and accounting practices. This makes possible establishment of 
accurate engineering costs in the absence of comprehensive cost regula- 
tion throughout the company. 

MASTER AUTHORIZATION PROCEDURE 

The most desirable condition exists when a unified cost-control sys- 
tem operates throughout the company. A system of authorizing all com- 
pany expenditures is established \mder the control of a master planning 
activity. The master-authorization procedure provides a method of 
accomplishing this end. * An authorization is issued to establish a budget 
for each contract. Other authorizations approve capital expenditures, 
budgets for service departments and development work, and appropria- 
tions for speculative manufacture. Neither time nor money can be ex- 
pended without master-authorization approval. 

Upon issuance of a master authorization, the collecting and segregat- 
ing of detail costs is accomplished by issuance of departmental work 
orders. Each work order is referred to the relevant master authorization 
and authorizes accomplishment of certain portions of the approved ex- 
penditure. 

The issuance of work orders is accomplished by the engineering and 
manufacturing-planning groups. The former authorizes engineering 
expenditures; the latter issues orders relating to manufacturing depart- 
ments. Overhead departments, such as purchasing and sales, usually 
charge time against the master authorization. Work orders can be 
issued for strictly overhead departments when management desires de- 
tailed accounting of their expenditures. 

The issuance of each master authorization affects both company and 
departmental budgets. Corresponding revisions of the budgets affected 
should be issued by Master Planning simultaneously vfith each new 
authorization. Master Planning also prepares weekly budgetary re- 
ports, shoving the progress of each department in maintaining budgets. 
AU budget excesses should be investigated to ascertain the cause and 
apply corrective measures. Work completed below the budget alloca- 
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Fig. 4:1. — Request for issuance of master authorization. Forwarded by department head 
requesting establishment of budget and issuance of authorization for a specific expenditure. 
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Fig. 4 : 2. — Master authorization issued to approve capital expenditures, budgets for service 
departments and development work, and appropriations for speculative manufacture. 
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tion should also be investigated. Either the estimate was in error or 
improved methods have been developed. These can often be applied 
to reduce costs in other departments. 


CONSOLIDATED VULTEE AIRCRAFT CORPORATION 
VuLTEE Field Division 
V uLTEE Field. California 


HA STL R AUTHORIZATION CLOSURE 

DATE 1 9- 


MASTER SOPPL. SUB ORD. 

AUTH. NO NO NO IS THIS DAY 


( ) COMPLETED and no more time or material is to be charged to this account. 

( ) CLOSED AND NO MORE TIME OR MATERIAL IS TO BE CHARGED TO THIS ACCOUNT. 

( ) TEMPORARILY CLOSED UNTIL FURTHER NOTICE. 

( ) CANCELLED ( ) REOPENED under conditions noted below. 

EXPECT TO REOPEN 19 

ISSUED: 

REMARKS: 


COPIES TO: 

( ) AccauHTiNs < ) 

( ) Army Office < } 

( > INO ENCINC£RIN0 ( } 

( > Inspection ( > 

( > MASTER SCHEDULING ( ) 

( > Material Control ( > 

( ) Plant Engineering ( > 


Product Encinecrinc < > 

Production Control ( ) 

Receiving Clerical < ) 

Factory Soft < > 

Traffic ( ) 

Tooling ( > 

Works Manager < ) 


Purchasing 

File APPROVED BYT 

AAF AUDIT 
AAF CDNT DPr 
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Fig. 4:3. — Master authorization closure notice issued when authorized expenditure is 
completed or upon withdrawal of management approval. 


ESTIMATING ENGINEERING COSTS 

The secret of accurately estimating the expense of engineering projects 
lies in compiling accurate cost records over an extended period. New 
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projects can then be studied in the light of their relationship to previous 
projects. Allowances can be made for variations in complexity of the 
work involved to arrive at an intelligent estimate of the time required 
to complete the new project. 

The basis for estimating may be the quantity of dra^vings involved. 
This method is usable for small articles, where the quantity of drawings 
can be fairly accurately estimated. With the application of data previ- 
ously compiled regarding the man-hours required to complete average 
layout, assembly, and detail drawings for that product, a reasonable 
estimate of man-hours can be made. 

In the case of large, complex articles such as an airplane, it is more 
logical to gather data on the engineering cost per pound for various 
types of the product. Cost data can then be based upon the estimated 
weight empty of a new design. 

In any case, a record of engineering costs must be compiled over the 
course of several projects before accurate cost estimation is possible. 
The only alternative is to obtain information on the engiaeering costs 
of other companies manufacturing a similar product and to use that as 
a basis. It is dangerous to accept the data of another company too 
literally, for the conditions that govern engineering costs, such as cali-^ 
ber of personnel and efficiency of management, are almost certain to be 
different. In any event, an engineering cost-control group can be con- 
sidered as primarily a statistical function until sufficient data is accu- 
mulated on actual costs to permit accurate forecasts. 

Costs have been referred to in terms of man-hours, which is the most 
logical method since the man-hours required to accomplish specified 
work tend to remain more stable than money value. On the other hand, 
it is necessary to establish engineering budgets and other cost data in 
terms of money. This is done easily after basic man-hour costs are 
estabhshed by simply multiplying man-hours by the unit engineering 
cost for the particular work. 

Unit engineering costs vary greatly with the nature of the work and 
the size of the department. Overhead increases inevitably with depart- 
mental growth, owing to the increased requirements for fuU-time super- 
vising, checking, and technical and clerical personnel. Each cost- 
control group should ascertain the costs within their engineering de- 
partment for each of the different types of basic w^ork involved rather 
than attempt to take an average value and apply this to all estimates. 

A weekly summary of cost distribution can be used to acquaint all 
concerned with the cost distribution within each project. The sum- 
mary shown in Fig. 4 : 4 was prepared near the conclusion of the develop- 
ment program for a large single-engine dive-bomber airplane and shows 
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costs in man-hours. It is necessary only to multiply these values by the 
established engineering man-hour costs to arrive at money values. It will 
be seen that many of the original estimates have been exceeded, but only 
slightly. In general the original estimates were exceptionally accurate. 

There are a variety of methods by which engineering costs can be 
forecast, analyzed, and recorded. The important factors are that every 
engineering department that expects to be efficient must establish and 
maintam budgets and provide a means of accumulating accurate, com- 
plete records of expenditures. 

COST IMPROVEMENT 

Another phase of engineering cost control is the reduction of manu- 
facturing costs by intelligent apphcation of the principles of production 
design. This can be termed ^^cost improvement^^ and has no direct rela- 
tion to the cost-control method for maintaining engineering budgets. 
Cost improvement can best be accomplished through a production- 
engineering function that approves all designs in the development stage 
from the viewpoint of their production suitability. Additional checking 
and approval during the preparation of production drawings will tend 
to insure minimum manufacturing cost compatible with the required 
quality and performance. 

Design analysis by a competent production engineer can often effect 
considerable savings by application of ideas that are obvious to a man 
trained in manufacturing methods but that might not occur to a design 
engineer. For instance, in some cases welded-steel assemblies may be 
more economical than drop forgings. Sometimes a forged part required 
in both left- and right-hand opposite forms can be made with a single 
die by an inexpensive machining operation on the rough forging. Occa- 
sionally a simple bracket can be sawed from extruded bar stock instead 
of using a forging or casting, with a considerable cost saving. 

Limits on machined dimensions can frequently be increased with 
corresponding reduction in manufacturing cost, as the closer the hmit 
the higher the cost. The designer should always ask himself the ques- 
tion ^^Would it be necessary to scrap this part if it were machined 0.001 
or 0.002 in. over or under the limits that I have selected?” If the answer 
is “No,” then add that much to the limits. 

Cost comparisons can be used to advantage when two or more de- 
signs, parts, or items of equipment are possible for a particular applica- 
tion. These cost comparisons should be the responsibility of a person 
having a wide variety of production and procurement experience in 
order to insure accurate results. In no case should each group engineer 
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or supervisor be permitted to make his own cost comparisons for a vari- 
ety of results are certain to be obtained, vnth many decisions being 
based upon partial knowledge of the facts. 


COST COMPARISONS 

Figure 4:5 shows. a simple spacer that requires machining all over. 
The obvious material for this part is heayy-wall tubing. A careful 
analysis of the relative costs of machining the part from heavy-wall 
tubing or from solid bar stock indicated approximately a 30 per cent 
lower cost with bar stock because heavy-wall tubing is expensive. Bar 
stock is comparatively cheap and can be converted into a facsimile of 



Fig. 4:5, — Cost comparison of two methods of manufacturing this small precision spacer 
revealed that the obvious method of using heavy-wall tubing is most costly. 


heavy-wall tubing by a simple rough-drilling operation. Furthermore, 
the percentage of rejections due to defective material will be less with 
bar stock. Some heavy-wall tubing will develop longitudinal cracks 
during the machining process as a result of drawing strains released by 
the machining operations. This can be overcome only by annealing 
the tubing prior to machining, which introduces another operation and 
further increases cost. 

Two designs for a torque-tube support bracket are shown in Fig. 4:6, 
one a forging and the other a welded assembly. In small quantities the 
weld assembly was 50 to 65 per cent less expensive, owing to the elimina- 
tion of forging die and setup costs. For a quantity of 150 of these parts, 
forgings cost $6.69 each, whereas the weld assemblies could be produced 
for $2.10 each. The comparative costs for these designs were determined 
as follows: 

Foeging Weld Assembly 


Material. 
Labor. . . 
Die .... 


$1 . 29 Material $0.15 

0.40 Labor 1.49 

5.00 Tooling 0.46 


$6.69 Cost per part $2.10 


Cost per part 
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The money values given in the preceding example will vary, owing 
to changes in material and labor costs, but the relationship between 
costs of the two designs will remain substantially the same for a given 
quantity. On the other hand, should the quantity be increased to 
approximately 2,000 parts, the die cost per part would be reduced 



WELDED SHEET STEEL 

Fig. 4:6. — Investigation of two designs for this bracket showed that the weld assembly 
is considerably cheaper than the forging until large quantities are needed. 


sufficiently to effect a saving by using a drop forging (see Appendix II 
for detailed cost-analysis and cost-comparison investigations), 

METHODS IMPROVEMENT 

Engineering management should be alert for opportunities to reduce 
departmental expenditures by methods improvement and work simplifi- 
cation. Existing methods should be analyzed to determine the purpose 
of each, followed by critical examination of the procedure used. Un- 
necessary operations should be eliminated and duplications consohdated. 
On the other hand, each method must provide complete, efficient cover- 
age of the function involved. Often a particular function is accom- 
plished in a certain manner because of precedent rather than necessity. 
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Prior to changing methods or procedures it is necessary to be certain 
that all facts have been ascertained. Considerable effort may be re- 
quired to determine all facts regarding a particular fimction, including 
its effect upon other departments. Often the personnel responsible for 
a particular procedxxre have an imperfect understanding of its function, 
knowing only the superficial mechanics of its operation. In other cases 
a deliberate resistance to investigation of methods may be encountered. 
There is then a tendency to reveal only what is asked, with passive con- 
cealment of important facts not immediately apparent to the investiga- 
tor. Methods investigations always demand persistence, diplomacy, 
and discretion. It is necessary to obtain all the facts, avoid antagoniz- 
ing personnel, and refrain from compromising the methods-improve- 
ment program by proposing changes based upon imperfect data. 

Work simplification is a companion of methods improvement. A 
study is made of the work executed by each employee in carrying out a 
procedure.* Simplifications are made wherever this can be done without 
compromising the objective. Common savings accomplished by work 
simplification are elimination of duplicate records, consolidation of simi- 
lar forms, and rerouting departmental work flow in order to eliminate 
needless handling. 


SUMMARY 

Cost control involves (1) establishment of budgets, (2) methods of 
collecting and allocating departmental costs, (3) compilation of factual 
data as a basis of cost estimates, (4) reduction of manufacturing costs 
by intelligent production design, and (5) methods improvement and 
work simplification to reduce the engineering overhead. 

The first step is establishment of an engineering department budget, 
followed by individual budgets for each operating imit. These. budgets 
must be revised in keeping with changes in the department work load. 
Each unit of engineering must operate within its current budget. 

Costs are accumulated by establishing an account-number system 
where all engineering work is changed against account numbers issued 
by the cost-control activity. No engineering work must be accom- 
plished until an account number is assigned to cover the job. Each 
employee furnishes the cost-control group a daily report showing the 
distribution of his day’s work. 

The secret of estimating accurately the cost of engineering projects 
lies in compiling accurate cost records over an extended period. Cost 
improvement is accomplished through a production engineering func- 
tion that approves all designs in the development stage from the 
viewpoint of their production suitability. 



CHAPTEE. 5 

PLANNING 


Engineering planning is the helmsman for the department, advising 
management on the feasibility of beginning new projects and directing 
departmental activities in order to insure completion of existing work. 
It occupies a high place in the departmental organization and has 
authority to establish work sequence and allocate personnel. Planning 
determines the work that can be accomplished within specified times 
and must enjoy the full confidence of management so that it can hterally 
guide engineering activities. It is folly to establish an engineering- 
planning group and then refuse to be guided by their findings. This is 
the case if management insists upon scheduling new work when the 
existing work load makes impossible the accomplishment of additional 
tasks. When engineering management unwisely follows such a course, 
there will be no planning — only statistical recording of failure to meet 
schedules. 

COORDINATION WITHIN THE ENGINEERING DEPARTMENT 

Coordination of departmental activities is so closely related to plan- 
ning that both functions must be handled by the same group in order 
to maintain effective control. Coordination provides analysis of all 
contracts, incoming requests, and new specifications to determine En- 
gineering's responsibility in each. The responsibilities of each unit or 
group within Engineering is determined, together with a priority and 
requested completion date for the job. Planning ascertains the earliest 
practical completion date. If the requested completion date is manda- 
tory, owing to customer demands or product deficiency, and cannot be 
met without either rescheduling equally important work or obtaining 
additional personnel, the matter is referred to management for decision. 

After the job is scheduled, Planning maintains follow-up to insure 
that the schedule will be met, taking remedial action as necessary. The 
requester is notified of the completion date for the job, and a follow-up 
is maintained on each job. In many cases the data representing the 
completed job is forwarded by Planning to the requester. 
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Cost Control. 

Cost control plays an important role in engineering planning by pro- 
viding a daily record of time expended on each project by every unit of 
engineering. Thus, Planning is able to balance the percentage of com- 
pletion of each project against the man-hours expended in order to de- 
termine that the work is actually on schedule. Keeping a job on sched- 
ule involves completion of the work both within the required calendar 
time and within the allocated man-hours. If a job is completed on time, 
but with the expenditure of excessive man-hours, it usually means that 
another job has been slighted and will be late. 

Basic Planning Functions 

It becomes apparent that engineering planning involves four basic 
functions: (1) coordination, (2) estimating, (3) scheduling, and (4) cost 
reporting. The coordination, control, and scheduling functions properly 
become units or subdivisions of the planning group. Cost reporting, on 
the other hand, is a service function of the cost-control group, and this 
activity need not be a part of the planning group. 

Before detailed operation of engineering planning is considered, the 
basic aims of that activity should be clearly defined. These are to (1) 
maintain current data on the department's work capacity ; (2) establish 
schedules, completion dates, priorities, and e^ectivities for all work; 
(3) control authorization of aZZ work accomplished; (4) guide engineering 
supervisors in planning work; (5) maintain current progress records for 
all work; (6) exercise remedial action to prevent lagging behind sched- 
ule; (7) advise management of delays beyond the control of Planning; 
(8) maintain complete case histories as the basis for future planning; 
and (9) determine current and future man-power requirements in the 
light of current and future work loads. 

In a small engineering department the entire planning activity may 
be handled by a single person. Large departments require a correspond- 
ingly larger planning group, directed by a planning manager and having 
personnel individually responsible for coordination, estimating, and 
scheduling functions. Operation of the planning group wall be the same 
in each case since the basic aims are identical. 

Detailed methods, forms, and routine established to implement opera- 
tion of the planning unit wiU vary with each engineering department — 
according to the nature of the product, caliber of available personnel, 
and top management preference. Therefore, no attempt is made here 
to establish the detailed mechanics of engineering planning. Instead, 
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the operating plan of each basic function is emphasized. Operational 
details can be established to suit individual engineering department 
needs. 

COORDINATIOlSr 

Planning begins with coordination. The coordination unit receives 
all incoming correspondence, requests for data, change requests, and 
specifications. These are recorded and analyzed before action is taken 
by the engineering department. It is determined whether the corre- 
spondence or other request requires work by direct-labor personnel and 
thereby affects the departmental work load or simply demands an 
answer from an engineering executive. 

In the latter case the request is assigned to a due date and directed 
to the executive best able to supply the answer. Follow-up is main- 
tained to make certain that the answer is forthcoming by the due date. 
The answer may be submitted to the chief engineer for approval and 
signature prior to forwarding to the requester, or perhaps only a copy 
is forw’^arded to the chief engineer, depending upon the plan for handling 
outgoing correspondence. 

When the request requires expenditure of direct labor, the coordina- 
tion unit informs the estimating unit of the request; its general effect 
upon engineering, including the estimated engineering work required; 
when the job should be completed; and the priority, or relative impor- 
tance, of the job. Establishment of a priority is vitally important. 
This guides the scheduling unit in fitting the new job into the structure 
of existing jobs and permits intelligent decisions in rescheduling existing 
jobs to permit rapid completion of important new assignments. 

In some cases the requested completion date cannot be met, owing to 
a heavy load of important current work. Coordination must then effect 
a satisfactory compromise with Scheduling in order to arrive at an ad- 
justed due date. The effective serial number of a requested change 
affecting production of a company product is obtained from the manu- 
facturing-planning department. Coordination is then in a position to 
inform the requester of the action to be taken, scheduled completion 
date for engineering, and in some cases the effective serial number of the 
change on the production line. 


Master-change Record 

When the requester's approval is required before actual engineering 
can begin, the data is forwarded to the requester on the basis of com- 
pletion within a specified time after receipt of approval. Further action 
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is held in abeyance while awaiting confirmation. These cases often 
occur when the requester is the customer and, in particular, when that 
customer is the government. Forwarding of data regarding requested 
changes is handled by a master-change record (see Fig. 5 ; 1) system in 
the case of government contracts involving aircraft, where the MCR 



Fig. 5ll. — Master change record, for revisions negotiated with the customer on govern- 
ment contracts, is also used by the customer to request changes, 

form is used both by the customer to request changes and by the con- 
tractor to forward data relating to changes. A master-change record 
progress report (see Fig. 5:2) is maintained by Coordination as a record 
of all MCR^s and the status of each. 

An engineering-load record similar to that shown in Fig. 5:3 should be 
maintained by Planning and copies issued to all interested departmental 
executives once each week. This record lists all active engineering 
work orders and keeps management informed of the over-all load of the 
engineering department and the progress being made on each job. The 
engineering-load record is a strictly management report, and the work 
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load for each individual engineering group should be issued separately, 
using a form similar to the group schedule and status sho^vn in Fig. 5:4. 
The group-load record lists all active work orders affecting a particular 
group, showing the group progress on each, and keeps aU supervisors 
informed of the work load for their groups. 



Fig. 6:2. — Master-change-record progress report furnished interested departments re- 
quiring information on current progress of master changes. 

The load and schedule records in combination with a correspondence- 
assignment record are used to maintain follow-up on all active engineering 
work. This follow-up must be aggressive in order to insure prompt ac- 
tion in each case, and Planning must be empowered by management 
not only to request but also to demand that the assigned work is accom- 
plished by the scheduled dates. 
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Control of Specifications 

A company engaged in government contracts must follow numerous 
specifications relating to design, materials, and processes. These are 
frequently changed by the government, and new or revised specifica- 
tions are being constantly received by the contractor. Control must be 
exercised over their usage in order to prevent confusion within the 



Fig, 5r3. — Engineering-load record lists all active work orders, keeps supervisors in- 
formed of work loads, and keeps management informed on work loads and progress in 
each engineering group. 

contractor\s organization and to avoid needless expense due to change in 
manufacturing methods and materials to conform to new specifications. 

The coordination unit exercises control over new and revised specifica- 
tions, and these are screened before release to the engineering library 
and other files within the factory. A list of new and revised specifica- 
tions, showing the effect of each, is periodically released to all engineer- 
ing supervisors and executives. At the same time the list of effective 
design specifications for each active project is refused accordingly. 

The choice of using a new design specification is governed primarily 
by whether or not its use is mandatory and secondly by the possibility 
of its usage being to the advantage of the company. New and revised 
material and process specifications are normally used mthout hesita- 
tion, as it is rare for changes in these to have far-reaching effects. On 
the other hand, attempts to purchase material to obsolete specifications 
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or to obtain subcontracted process work to obsolete specifications will 
invariably result in complications. 


Forwarding of Correspondence and Other Data 

Coordination also forwards all outgoing correspondence and data or 
receives copies of correspondence to permit closing out follow-up 


epNSOUDATED VULTCE AlUCRAFT CORPORATION 

DEVeUOPMENT ENOINEERINO GROUP SCHEDULE AND STATUS 

SAN Diceo Califounia 


ESTIMATED 

SCHCOUUC 


STATUS 

see 

NOTE 

DEftCRIV>TION 


KM: 






ACTOAl 

ggj 






Hi 

Hi 


^Hi 

Hi 

Hi' 

Hi 

■■1; 






























































































.■m 













IIBS 



































— 

— 

— 































;|K|H 







































mjM 













BB 

















































. J 







1 


70* REPRESENTS SENT TO CHECKER. ao« SENT TO STRESS. 0ROUP MODEL 

SO* SENT TO PROJECT ENGINEER. 100S RELEASED SV ENGINEERING. 

PAGE «P 


Fig. 5:4. — Group-schedule status report shows the work-load for each engineering group 
and the progress on all active work orders affecting group. 


records. The actual forwarding of prints to the factory, however, is ac- 
complished by the engineering release group, and Coordination receives 
a copy of each job ticket releasing prints during the progress of a job. 
The scheduling unit informs Coordination when a job is complete. For- 
warding of prints to destinations outside the factory, however, is handled 
by Coordination. 

ESTIMATING 

The next phase is actually planning the job, followed by work orders 
to authorize accomplishment of the actual work. This is done by the 
estimating unit, which analyzes each job to determine the required work 
and segregates this into the individual responsibilities of each engineer- 
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big group. Some of the operations involved may be possible of concur- 
rent execution; others must be consecutive. In each case the routing is 
considered when planning the job and estimating man-hours for each 
operation. The person or office responsible for managing the job to in- 
sure final consolidation of its parts to form the whole is determined and 
noted on the work order. 


Preliminary Work Order 

A preliminary work order, showing desired due dates and estimated 
times for each phase and the complete job, is forwarded to the schedul- 
ing unit. If the current engineering work load permits integrating the 
new job, the preliminary work order is approved by Scheduling and re- 
turned to Estimating. Frequently the current load is such that the re- 
quested date cannot be met. Then the coordination, estimating, and 
scheduling unit supervisors must confer and arrive at a due date that 
can be met and still satisfy the need for the new job. 

When the due date cannot be met in a satisfactory manner, the mat- 
ter is referred by the planning manager to the chief engineer for a deci- 
sion. Such cases result when the current work load prevents addition 
of new work. This condition can be solved by (1) postponing the new 
work, (2) rescheduling current work to provide time for the new job, or 
(3) obtaining additional personnel. In any case the action required be- 
comes a management decision based upon the facts presented by Plan- 
ning. 

Revised Work Order 

The corrected work order is submitted to the chief engineer for ap- 
proval, followed by issuance of copies to all engineering supervisors 
affected by its provisions. Serial numbers for the recording of time ex- 
pended against the work order are sho\vn for each engineering group. 

Revised work orders are occasionally required because of changes in 
the nature of the job or schedule changes. These are issued upon notifi- 
cation from the coordination imit. Coordination is kept informed of 
design problems by the executive in charge of the job and of necessary 
schedule changes by the scheduling unit. These revised work orders 
are also approved by the chief engineer prior to release. 


Records and Statistics 

Records are maintained of estimated and actual times on all jobs. 
Investigation of causes is made when a job measureably exceeds or falls 
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short of the estimate. These data on actual time expenditures for 
various jobs serve as the basis for future planning. Time estimates 
will become increasingly accurate as more factual data is accumulated, 



Fig. 5:5. — Typical engineering work order. On extensive jobs, a detailed listing of all 
neTV, revised, and canceled drawings involved accompanies th.e work order. 


assuming that reasonable correction is made for detail variations be- 
tween similar jobs. 

All estimating should be done on the basis of 80 per cent effective 
application of labor. The remaining 20 per cent is allocated to unfore- 
seen contingencies, such as absentees, illness, or personnel changes. Thus, 
when man-hour estimates are converted to calendar weeks, a 32-hr. ef- 
fective work week is assumed for departments operating on a 4:0-hr. 
normal work week. 
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The time required to accomplish various types of engineering work 
will vary greatly with different companies, being greatly influenced by 
caliber of personnel and management efficiency. It is not practicable 
to give more than comparative data on engineering time expenditures. 
Experience of several companies engaged in the manufacture of large, 
complex vehicles, for instance, shows the follo^ving relationship between 
layout and detail drafting time : 



Nature of engineering work 


Structural 

Equipment 

Mechanical 


design 

installations 

design 

Layout time, % . . 

30 

50 

70 

Detail time, % . . . 

70 

50 

30 


Development engineering is defined as preliminary design of the 
product, engineering necessary to construct an experimental article, and 
testing of the article. Records indicate that development engineering 
normally represents 30 per cent of the total engineering expenditure. 

Checking of engineering drawings requires a minimum of 10 per cent 
of the time expended to prepare the drawings. Thus, personnel plans 
for an engineering department should be based on a minimum of 1 
checker for every 10 draftsmen. 

Some engineering departments use drawings prepared upon paper or 
cloth exclusively, and prints of drawings requiring preparation of de- 
veloped patterns are sent to the loft or template departments for accom- 
plishment of this work. Other engineering departments use metal draw- 
ings for such parts, and the developed template is accurately drawn 
upon the metal sheet. Copies are reproduced by photographic or some 
other suitable method and forwarded to the shop for use as templates. 
Metal dra’wings require considerably more time than those prepared on 
paper or cloth. The records of one large aircraft company indicate that 
metal drawings require 50 per cent additional drafting time, 80 per cent 
more checking time, , and 10 per cent additional engineering floor space. 


Estimating a Job 

During preparation of time estimates for a new job it is necessary for 
the planning unit to consult with the engineering supervisors affected 
by the job. In the case of an entirely new project, where records of simi- 
lar work do not exist, it follows that Planning must be guided by the 
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viewpoints of these supervisors, modified by an understanding of the 
relative experience of each supervisor and his personnel. The experi- 
ence factor is vitally important. For instance, one company expended 
57 man-hours per drawing during the design of a complex twin-engine 



airplane, using experienced personnel. Another company, forced to 
hire large numbers of inexperienced personnel owing to wartime housing 
problems, expended 108 man-hours per drawing during the design of an 
airplane of comparable complexity. 

Occasionally it will be found that a supervisor considers estimating 
impossible because too little is known about the job. In such cases the 
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supervisor will have to agree that there* is a certain minimum time that 
the job must require and a definite maximum that will not be exceeded. 



With thife basis it is usually possible to arrive at a reasonably accurate 
intermediate value. 

When an entirely new project is first planned, the calendar time 
indicated is often unreasonably long, and executives and Supervisors 
may have to be consulted to arrive at a method of shortening the time 
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span. This can usually be done by telescoping the schedule through 
concurrent accomplishment of various phases by exchange of advance 
information among groups and departments. The release of advance 
information must be controlled and should be made a responsibility of 
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Fig, 6.8. Cumulative time and drawing release during design of production twin-engine 
fighter airplane based upon experimental design recorded in Fig. 5 : 7. 


the person in charge of the project, so that time will not be lost on work 
based on erroneous or incomplete advance information^ 

A vexing problem that frequently arises is determining when a com- 
plex project is actually complete and all information released. This 
condition can be avoided by spending sufficient planning time and pro- 
viding a detailed job breakdown on the work order, followed by revision 
of the work order whenever requirements change for any phase. 
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Considerable detail is required to break down the work order for a 
large project satisfactorily. For instance, the order authorizing engi- 
neering on a certain single-engine, two-place attack airplane lists 364 
layout, installation, and assembly items for the job and shows the esti- 
mated quantity of drawings and man-hours for each item. This list 
was revised and reissued when necessary, and upon all items being com- 
plete the project was obviously completed. 

In Fig. 5:7 is data on cumulative man-hour expenditures and drawing 
releases for an engineering project involving design of the experimental 
model of a twin-engine fighter airplane, with data in Fig. 5:8 on the 
production redesign of the same airplane. More time was used for the 
production redesign than was expended upon the experimental version. 
This is frequently the case with extensive design projects on complex 
articles — ^for emphasis is too often upon completing the experimental 
article, mth corresponding failure to produce accurate engineering 
drawings. 

SCHEDULING 

The scheduling unit is the pivotal point of the entire engineering- 
planning function since it must determine the feasibility of all proposed 
work and expedite all current jobs. Effective scheduling requires real- 
istic thinking based upon factual data. Information furnished manage- 
ment regarding the department’s work capacity and possibility for 
meeting due dates must be accurate and not colored b\^ wishful think- 
ing. Management, on the other hand, must be willing to accept this 
information as basic and not insist upon accomplishment of the impos- 
sible. 

Scheduling must also be flexible. The most carefully prepared sched- 
ules may be suddenly upset by unforeseen changes or failures of experi- 
mental designs. When this occurs, the scheduling unit must be able to 
improvise or reschedule rapidly to meet the new conditions. 

Basic scheduling requires records of the work capacity of each group 
or section within Engineering and of the department as a whole. These 
records are based upon the type of work, such as layout drafting, detail 
drafting, weight analysis, strength analysis, dra'wing checking, parts 
listing, and technical writing. Records for all current work- are also 
necessary, sho'V^ng the work load for each engineering employee, group, 
and section and for the department as a whole. Obviously, the essence 
of scheduling is to maintain the proper balance between work capacity 
and work load. 

The man-hour-distribution and drawing-release chart shown in Fig, 
5:9 provides an interesting study of the relationship between work ca- 
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pacity and work load. It indicates maintenance of a direct relationship 
between hours per month input and drawings per month output during 



Fig. 5:9. — Man-hotir distribution and drawing release during design of experimental 
airplane. Typical for extensive, complex engineering project. 


the first five months of drawings release (fourth through ninth month 
after start of project). At this point a considerable increase in hours 
per month input does not reflect additional drawing output but indi- 
cates instead a sharp decrease during the tenth month. This is the re- 
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suit of employing comparatively inexperienced personnel to effect the 
increase during this period. Previous increases in hours per month in- 
put were effected by transferring existing personnel to the new project. 
This change in the source of additional labor required experienced per- 
sonnel to divert time from productive labor to orientation of new em- 
ployees. The increase in output shown during the following month is 
the result of improved eJfficiency as new employees become familiar with 
the project. The obvious conclusion to be drawn from this record is that 
simple numerical increase of personnel on a given project does not guar- 
antee an immediate improvement in engineering output. 

Progress Records 

Progress records should be kept for each active work order, showing 
actual completion against scheduled completion with reference to both 
man-hours and calendar days. A visual chart similar to that shown in 
Fig. 5:10 can be used to provide a ^^mass impression” of a given proj- 
ect's progress for the benefit of management and engineering super- 
visors. Additional detail records will show the exact cause of delays or 
other trends. The progress chart lists the main units of the work order, 
using horizontal bars to indicate the time span allocated for completion 
of each. Each day in the time span of a particular unit is arbitrarily 
considered as representing an equivalent percentage of the work re- 
quired to complete the unit. For instance, if 20 working days are allo- 
cated for completion of a project unit, then 5 per cent of the work should 
be completed and released each day to maintain the schedule. 

A second bar of contrasting color is placed direetly below the time- 
span bar and indicates daily progress. The relationship between each 
pair of bars indicates the general status of the project. Units with a 
progress bar extending to the current date line are on schedule; those 
extending beyond are ahead of schedule ; and all failing to reach the cur- 
rent date line are behind schedule. The current date line should be a 
ribbon or tape that is advanced daily, and the progress chart should be 
prepared on a sufficiently large scale to permit rapid reference. 

In the example shown in Fig. 5:10 it is immediately obvious that 
“Gim Sights” are lagging sufficiently behind schedule to demand imme- 
diate remedial action. On the other hand ^Tumishings” is well ahead, 
indicating excessive application of man power. The other umts are 
either on schedule or slightly ahead, with the exception of “Electrical.” 
The deficiency here is so slight that immediate action should not be 
taken. If the condition becomes chronic or grows worse, then steps 
must be taken to rectify the situation. 
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Detail Recokds 

Other records show the progress of all drawings through the engineer- 
ing-department release system (see Fig. 5:6). Whenever schedules are 
delayed or when possible delay can be foreseen, remedial action is taken 
to place the job on schedule. This action may involve reallocation of 



/. Shaded Lines indicacfe current status engineering. - 
Z. Black lines indicate periods a! toted fbr engineering. 

3. Drawings are to be released any time during that period. 

44 £nd of line indicates final release deadline m order to meet flight test date, 
based upon fabrication and assembly regoirements. 

X3C -113 /Release Schedule 

Fig. 5 ! 10. — A portion of a "visual drawing-release schedule and status record for a single- 
engine advanced-training airplane-design project. 

personnel, authorization of overtime work for a brief period, allocation 
of a portion of the job to another group, or the procurement of additional 
personnel. 

Accumulated factual data permits Schedul i ng to forecast future man- 
power requirements on the basis of known and estimated future work 
loads. This forecast of the future requirements is maintained for a 
minimnm period of 6 months, in addition to the record of current man- 
power requirements. 

All engineering timecards should be checked daily by Scheduling, 
prior to forwarding to the timekeeping department. Erroneous time 
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charges can be corrected and called to the attention of the employee at 
fault. Individual employee time expenditures are posted at this stage. 
The timecards are then forwarded for tabulating, and an accumulated 
record of the charges is available on the following day. Scheduling 
checks each day with all engineering groups and sections to ascertain 
the progress made on each engineering work order. 

These records of work capacity, load, and progress permit determina- 
tion of the feasibility of requested due dates on new work orders. Each 
preliminary work order is checked against these data and the due date 
revised accordingly. When the revised due date is not acceptable to 
Estimating or Coordination, the scheduling unit must consult vdth all 
concerned to arrive at a satisfactory compromise. 


Scheduling Minor Jobs 

In addition to the planned jobs there are always a variety of small, 
routine drawing changes that must be accomplished by the various 
drafting groups. These are usually the result of minor change requests 
(see Chap. 12) and the incorporation of advance drawing changes. All 
that require less than 25 man-hours are not scheduled but are appraised 
by Estimating and logged by Scheduling so that the group time alloca- 
tion for routine changes will not be exceeded. 

A blanket time allocation for routine changes, made for each group 
and section every week, is corrected when necessary on the basis of 
actual expenditures. A logical basis for this estimation is the assump- 
tion that each drawing will have two advance drawing changes and one 
change request during its active life and that an average of four engi- 
neering hours will be required to incorporate each of these. 


Drawung-change Schedules 

Completion of the initial drawing releases for the project, as shown 
by job tickets forwarded from the engineering release group, does not 
mean completion of the engineering work on the project. Time must 
be provided for major changes during the life of the project. Experi- 
ence indicates that the total change time, both major and minor, ac- 
cumulating between completion of the initial drawdng release and com- 
pletion of the first production article wUl equal the total time spent to 
complete the initial drawing release. 

After completion of the first production article, the change time will 
drop sharply to stabilize during a long production run at a value for 
each production unit of approximately 0.1 per cent of the engineering 
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time spent to complete design of the first production article. Thus, if 
a given project required 200,000 engineering hours to complete the first 
production article, it is reasonable to assume that 200 hr. of engineering 
will be spent for each production article during manufacture. These 
data should not be used as a factual basis for all scheduling as they re- 
late only to a certain product and particular engineering department. 
Other products and factories may require entirely different values. In 
every case, the only satisfactory criterion is factual data relating to the 
particular product and department and accumulated over a sufficient 
period to become significant. 

The information given here is intended to show only the requisites for 
engineering planning. All details, records, and forms necessary for suc- 
cessful operation of a particular engineering planning department must 
be based upon conditions prevalent in the engineering department. 



CHAPTER 6 

STANDARDS 


Standards should be established to govern drawing preparation, en- 
gineering procedures and methods, standard parts, and designs. A 
method of releasing this information to all concerned must be developed, 
followed by inauguration of a system to make sure that copies of revised 
standards reach all recipients of the original information. One person 
in Engineering should be designated to control preparation, distribu- 
tion, and revision of standards. 

When standards are carefully prepared, comprehensive in nature, and 
faithfully observed, there will be no need for engineering personnel to 
spend time debating the proper method of preparing a drawing or the 
correct procedure for a particular condition. Standards should be pub- 
lished in suitable form (see Eigs. 6:1 through 6:5, and 6:16 and 6:17), 
and copies distributed to all personnel affected by their provisions. The 
information contained in these publications should be followed without 
deviation other than those changes authorized by the engineering-stand- 
ards supervisor in cases where the standards are found to be deficient. 

When a standard is found undesirable, inadequate, or in error, a re- 
vision to correct the deficiency should be promptly issued. Chronic 
violations due to uncorrected deficiencies cannot be tolerated as the 
entire purpose of standards is then defeated. Standards are intended 
to assist, rather than confuse, functioning of the engineering department 
by providing information that eliminates operational problems and 
duplication of design work. 

CLASSES OF STANDARDS 

The standards normally prepared for and used by an engineering 
department relate to (1) policy and procedure affecting both engineer- 
ing and other departments, (2) policy and procedure primarily affect- 
ing engineering, (3) drafting practices, (4) recommended design prac- 
tices, and (5) standardized company parts. These are usually issued as 
separate publications, identified as 

Standard-practice instructions Design handbook 

Engineering-procedures manual Standard-parts handbook 

Drafting-room manual 
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Standard-practice instructions are usually issued by the company 
industrial-engineering or methods department and cover operation of 


CONSOLIDATED VULTEC AIRCRAFT CORPORATION 
VULTEE FIELD DIVISION 

DIVISION STANDARD PRACTICE 

subject: master authorization SYSTEM 


Please destroy all oopios of D.S.P. 2 , issue 6, dated Novomtor 12^ 1943* 
This issue 7 obsolotos issue 6. 


I PORROSB 

To establish tho procedure for requesting, obtaining approvals for, preparing 
and distributing Master Authorizations* 

II DEPARTMENTS AFFECTED 

A. All dopartmonts of Vultco Field Division 

The following departments are affootod by additional instructions* 

B. Plant Engineering 

C. Industrial Engineering 

D. Accounting 

E. Contract 

III PROCEDURE 

A* All dopartmonts of Vultco Field Division (Wneral Office Depts.tSee Suppl, 

1. Scope, Classification and Method of Making Request 

Tho Master Authorization System, through tho use of tho Master 
Authorization (fom shall control work performod and money 

spent at Vultoc Field Division and shall cover tho following* 

a. Sales A Sales Contract (Production) M.A. is one issued to 

Contract covor all Items of direct cost which will bo charged 
M.A. against a sales contract. 

On the basis of a customer’s purehaso order or sales 
contract executed by the Contract Department, a M.A. 
shall bo issued by tho Master Authorization Group 
according to Supplement 1 of this instruction* 

b. Capital A Capital Expenditure M*A. shall bo required to cover 

Expend!- tho purchase, construction, sale, trade-in, transfer 
ture M.A. or scrap of any item of machinery, equipment, or other 


facility, regardless of amount, also for tho installaticn 
charges on equipment transferred from another division. 




Fig. 6:1. — Standard practice mstruction. 


basic interdepartmental functions. They primarily concern depart- 
ment heads responsible for their conformance, and copies are issued only 
to department heads and key departmental executives. The engineer- 
ing-procedures manual provides detail direction of basic functions in- 
volved in operation of the department, and copies are normally fur- 
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nished all engineering executives and supervisors. Copies of the draft- 
ing-room manual, design handbook, and standards handbook should be 
supplied all design and drafting personnel. 

ESTABLISHMENT OF ENGESTEERING PROCEDURES 

Each engineering procedure is created to control a basic operational 
function of the department in the most efficient manner. Prior to estab- 
lishing a procedure it is necessary to analyze the nature of the function 
involved, its effect upon Engineering and other departments, facilities 
available for its operation, and existing methods used to effect its working. 

Wherever practicable a large portion of the existing methods should 
be incorporated in the new procedure in order to avoid drastic changes 
that may result in disruption of the function involved. Improved meth- 
ods should be introduced as smoothly as possible so that the effect is one 
of continuous improvement in departmental efficiency rather than 
abrupt dislocations. 

Following formulation of a procedure it is advisable to caU a meeting 
of all executives and supervisors who will be affected in any manner by 
its provisions. The proposed procedure should be thoroughly discussed 
to locate and correct all defects and effect a thorough xmderstanding of 
its operation and necessity. Full advantage should be taken of con- 
structive criticism. When such meetings are properly handled, the 
executives and supervisors present will feel that they have played a part 
in creating the procedure. This will assist in obtaining the necessary co- 
operation during application of the method controlled by the procedure. 

The person responsible for establishing procedures must be able to 
justify the need for every provision and rule. Personnel responsible for 
the application of procedures cannot be depended upon to adhere con- 
sistently to their provisions unless the necessities for them are clearly 
understood. In every case the major problem in establishing engineer- 
ing procedures is not preparation of a practicable, efficient method but 
rather obtaining the full cooperation of all personnel responsible for suc- 
cessful operation. Unless this can be done, the best procedures will fail. 
The importance of this factor must not be underestimated, and every 
possible step must be taken to overcome the normal human aversions 
to (1) change of any kind and (2) regulation of any nature. 

PROCEDURES MANUAL 

The completed procedure should be issued, after review and approval, 
in a form similar to the example showm in Fig. 6:2, wdth copies distrib- 
uted to all executives and supervsors concerned with its provisions. 
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These procedures should be accumulated in a “procedures manual/' 
which then becomes the standard governing all procedures, policies, and 



PROCEDURES 

MANUAL 

■ 1 ^ j 

’ INTERSTATE AIRCRAFT AND ENGINEERING COHP. 

UOS ANOEUES. CAI-trORNIA 

NUMBER SSP-5 

SUPPLT *" ” 

PAGE 1 OF 1 

ISSUE B 

DATE lO-U-43 

SUPERSEDES A 

dated 6/1/43 

SUBJECT: DRAWING EELEASE (Accessories) 

EFFECTIVE DATE 2.0/WU3 

DIVISION AFFECTED: ^ SegUTldO 

1. General - 

Draivings conplcted by the Accessories Engineering Department wiU 4 

be forwarded to the Release Group Ydth a "Ecleasc Retfeest" marked either "Experi- 
mental” or "Production" in the space provided for indicating the kind of release 
desired. This Release Request will also serve as a "Job Ticket", by placing the / 

job number in the upper, right comer; and obtaining the Project Engineer’s signa- 
ture in Che lower inargin as authority for release. ^ 

ib. Accessories Engineering Departnent releases will be handled on the 

basis that all necessary checking has been accomplished prior to release, -and will 
be printed and distributed without passing throu^ the regular engineering release 
procedure. 

2. Ehcoerlmental Release - 

2a. All prints on an Experimental release will be stamped both "ACCES- 

SORIES” and ”EXPERI.’IENTAL", in addition to other stamping, and will be red-line 
prints. 

The Experimental Department will notify the Engineering Department 
by "Change Requests" of all changes necessary to correct the experimental* drawings 
for production. Up<» these changes being incorporated, the tracings shall be 
forwarited to the Release Group for. a “production" release. 

3. Production Release - 

All Production prints ahaUL be blue-line, and be sbamDed both 
"ACCESSORIES" and "OE FOR PRODUCTION", in addition to other stinping'. 

Experimental drawings r^relcased without design change for pro— 
duction shall be assigned the next change letter for record pmposes. A notice 
of ch^ge is not necessary, and ”REL»D FOR PROD - NO CHANGE" shall be entered in 
the alternate block. ^ 

1 4* Quantities and pest^atlons - The following quantities of prints 

1 shall be foiwardea to the listed destinations on each release of a dra^ng* 

Destinations and Basic Issue Nos. 

Kind Access. Access. Engr. Vault 

of Plann. Plann. File Copy 

Sele^ __(03) ro?) (Q/.> 

Experimental — 4 11 6 d 

Production 12 2 1 15 ^ 

numbera, and be forv/arded to their destination 
with a Shipping Notice in duplicate. /N 

Revisedt, 1 QAi/ 4? Asi^ant to Vice President ^ 

Pe«M X«*-WO SM 


Fig. 6:2. — ^Engineering procedures manual. 


rules relating to operation of the engineering department. Whenever a 
question arises regarding the proper mechanics for a certain operation, 
it is necessary for the person responsible for a decision only to refer to 
the procedures manual. 
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It miglit appear upon superficial inspection that a procedures manual 
would be required only in large engineering departments and that small 
departments could depend upon the chief engineer or chief draftsman to 
define verbally departmental policies, rules, and procedures whenever 
the need arose. This is not considered desirable as conflicting decisions 
may be given when long periods elapse between recurrences of similar 
questions. Alsp, too much of the executive's time may be consumed in 
conveying instructions on routine matters. The tune spent in explain- 
ing a particular policy or procedure once is little greater than that re- 
quired to prepare the information as a witten procedure — which can 
then be made available to all concerned to answer the particular ques- 
tion permanently. 

If a provision of an engineering procedure is found undesirable or in 
error, a revision to correct the fault should be promptly issued. The 
jiurpose of a procedures manual is to assist, rather than hinder, depart- 
mental operations, and the manual should never become an inflexible 
book of rules. When a particular procedure is revised, it is necessary 
to make certain that corresponding revisions are made in all related 
procedures and that copies of the revised procedures are promptly fur- 
nished all manual holders. The original issue of a procedure can be 
identified as ‘‘issue A” and its revisions by change letters beginning with 
“issue as the first alteration. 

Verbal deviations from a procedure should not be permitted as this 
will lead to the entire procedures system falling into disrepute. In cases 
where immediate change or correction of a procedure is imperative, an 
amendment stating the nature of the revision should be issued to all 
manual holders. A revised procedure incorporating the amendment 
should be prepared and distributed as soon as practicable. 

Procedures are issued to establish the methods and policies considered 
best for the interest of the engineering department and its employees. 
Hence, it is necessary for all procedures to be faithfully observed. Each 
executive and supervisor furnished a procedures manual should be held 
responsible for his employees following all procedures relating to the 
activities under liis direction. 

Procedures manuals are not normally distributed to individual drafts- 
men. A great deal of information relating to the mechanics of operating 
the engineering department is contained in the procedures, and therefore 
it is sometimes difficult to locate immediately the essential information 
relating to the draftsman's work. A portion of the drafting-room man- 
ual should be devoted to a brief explanation of those portions of the 
procedures that directly affect the work of the individual draftsman. 
These are largely concerned with proper usage of forms relating to draw- 
ing preparation, release, and revision. 
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SECTION I-3-2 


AIRCRAFT DRAFTING ROOM MANUAL 


sequence, and this number placed In the LH colvmin 
of the dash-number block. Refer to the specimen 
dravdng on DRM page 1-3-L for examples. 

NOTE: When a dash-numbered part is used only on 
the right-hand (-l).forni of the assembly, 
the HJ symbol shown on DRU page 1-3-4 must 
be used to identify the part, except that 
when a Bill of Uaterisls acccmpanies the 
drawing, it is possible to Indicate the parts 
for each "hand" of the assembly by the 
requirements listings in the Bill of Uate- 
rials. Refer to DRU page 1-11-6. 

DASH mWBERS FOf^ SUB-ASSBJBLIES 

12* The general description of the dash numbering 
system given herein includes the use of dash 
numbered sub-assosblles, in view of this procedure 
being extensively nsed in the past. However, this 
practice sometimes causes confusion in the planning 
and manufacturing departments, and is no longer 
considered desirable. Dravdngs should not use dash 
numbered aub-aasemblies. and only detail parts 
should be dash numbered . The information given in 
paras 11 thru 13, foUovdng, is for reference only, 
and should not be applied to new drawings. 

13. Continuing with the procedu« outlines in 
para 11, preceding, dash numbers may be used 

to identify sub-assemblies of main assemblies. For 
example: Assume that the part shown in the draw- 

ing at DRlt page X-3-4 is detailed and dimensioned 
in place on drawing J30900p - one of the next 
assemblies of this part. ' In this case it odlght be j 
called out dsi I 

-10 BRACKET 

CONSISTS OF -2. -4. -6 and 

14. The pieces making up -10, namely -2, *3, -4, 

-6 and -8, would be shown In the usual manner, ^ 

and -10. would be called out in the dash number 
block as simply "-10 BRACKET ASSEUBLY." Inspection 
of the note under -10 on the drawing would Identify 
the pieces nuking up this assembly* 

15* Thus a single basic drawing number, and a 

single drawing may serve for a large number of 
parts. The basic number and -1 indicate the LH and 
RH opposite forms of the basic assembly, additional 
dash numbers indicate sub-assemblies, and other 
dash numbers identify the pieces fonning the sub- 
assemblies. 

. lOCATIOK OF DASH KmiBERS 

l6. On all drawings (except tabulated) ea'd: dash 
number should be placed within a 3/^ cirole 
close to t^e part which it identifies, with an 
arrowed extension line touching a border of the 
purt. Thus; 



• 17* It is always necessary to assign a title to- 

dash numbers, except reference dash numbers. 
In most cases the basic noun is sufficient. 

. 18- The* requirements for dash numbered parts 

should not be called out on the face of the 
drawing, but only in the dash-number block or 
Bill of Uaterials. 

OSING DASH NUMBER PARTS ON OTHER DRAWINC3 

• 19- Only tabulated dash numbered p>art3 may be- 

called out on drawings other than their own 
basic (tfawing, except for reference purposes. 

• 20. When the dash number is shown for reference 

on another drawing, this must be indicated 
in the conventional manner, and title and 
requirements are emitted. Thus: "B07800-4(REF)» 

DASH NUMBERS CALLED FOR UORS THAM ONCE ON A 
DRAVniNG 

21. Whenever it is necessary to call for a 

certain dash number in more than one place 
on a drawing, the supplementary dash- number 
should be referenced, thus: 


--a (REF) 


" — L 




the circle omitted, and the requirements totaled 
in the dash number block or Bill of Uaterials. 
Hever circle a given dash number more than once 
on a drawing . 


CANCELLED DASH tnJMBSRS 


22 . 


A dash number once cancelled should never be 
used qgaln. The next dash number in sequence 
shall be assigned to a new dash numbered part. 

This rule is necessary to avoid enrors in manu- 
facturing and stocking of parts. 

23. When a dash number is cancelled, the require- 
ments and material description are removed 
from the dash number block, and "X" placed 
through these spaces - but the daab number Itself 
remains in the block to indicate that the psarti- 
cular number has been cancelled. Thus: 
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Fig. 6:3. — Drafting-room manual. 


DRAFTING-ROOM MANUAL 

The function of a drafting-room manual (DRM) is the establishment 
of definite drafting practices for the preparation of engineering drawings 
apphcable to a given company and the furnishing of the detail design- 
reference data frequently required by the draftsmen during prepara- 
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tion of layout and manufacturing drawings. An explanation of the gen- 
eral operation of drafting-room procedures should also be included. The 
DRM should not give instructions on how to prepare a drawing, for it 



Fig. 6:4. — Material specification and usage index. 



Fig. 6:5. — Process specification and application index. 

can be safely assumed that the user has mastered the principles of trans- 
lating a three-dimensional object into a two-dimensional projection 
through the medium of pencil, drafting instruments, and paper. In- 
steafi, definite information on what is to be drawn should be given* 
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The scope of a DRM should be broadened beyond drafting practices 
and procedures to include a brief but comprehensive survey of the mate- 
rials and processes used in manufacturing the company's products. 
Thus, the draftsman not only mil be provided with the requirements 
for executing the drawing '^picture” but is also given an insight into 
manufacturing processes. This information mil assist in insuring that 
parts are intelligently designed for production. 

An important portion of the DRM is an index of company standard 
materials and processes, similar to the specimen pages shown in Figs. 
6:4 and 6:5. These hst all materials and processes approved for use on 
company drawings and eliminate the need for draftsmen to spend time 
in determining the proper material or process for a given application. 
Their use also minimizes the variety of materials employed, with conse- 
quent reductions in purchasing expense and raw-stock inventories. 

The variety of information that can be placed in a DRM is almost 
limitless, but it should be confined to information that the draftsman 
will frequently require. The following outline pro\ddes an indication 
of the subjects for a DRM suitable for a majority of engineering depart- 
ments engaged in product design: 


Chapter 1. Drafting Practices 

General arrangement of drawings. Standard method of drawing. 
Drafting conventions. Manufacturing notes. Material specifications. 
Process specifications. Quantity required and next assembly. Naming 
of drawings. Tabulated drawings. Applied descriptive geometry. 

Chapter 2. Engineering Department Organization and Procedures 

Organization of the engineering department. Numbering of draw- 
ings. Methods and procedures. Drawing changes. Standard parts 
and designs. 

Chapter 3. Materials ^ 

Weights of materials. Aluminum and its alloys. Steels. Nickel 
alloys. Miscellaneous alloys. Plastics. Rubber products. Fabrics. 
' Index of material specifications. Standard raw-stock sizes. 


Chapter 4. Processes ^ 

Forming of metal parts. Soldering, brazing, and welding. Heat- 
treating. Corrosion prevention. Miscellaneous processes. Index of 
process specifications. 

Chapter 5. Finishes 

Finish notation on drawings. Index of finish specifications. 


Chapter 6. Design Data ^ 

Rivet and bolt data. Limits, tolerances, and clearances. Bend allow- 
ances. Spring design. Casting and forging design. Keyway design. 


1 The data, shown for Chap. 3, 4, and 6 (except the specification indices) should be in the design hand- 
book when this publication exists. 
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Ckapter 7. Tliread and Pin Connections 

General screw-thread data and drawing notes. Thread tolerances, 
pitch diameters, and tap drills. Pipe-thread data. Stud-thread tol- 
erances and pitch diameters. Bolt data. Straight-pin data. Taper- 
pin data. Rivet data. Drill and coun^rsink data. Wood screws. 


Chapter 8. Conversion Factors and Tables 

Conversion factors. Metric equivalents. Minutes in decimals of a 
degree. Inches in decimals of a foot. Temperature-conversion tables. 
Common decimal equivalents. 


It will be observed that much of the material contained in the DRM 
can be found in various reference books and manuals. Compilation of 
reference material required by the draftsman in his daily work on com- 
pany products eliminates the necessity for each draftsman to obtain a 
variety of reference books. Furthermore, it insures that all draftsmen 
will be in possession of the most frequently used data, without having 
to search through a variety of books or consume the time of other drafts- 
men by requesting assistance in locating basic reference data. 


ELEMENTS OF A DRAFTING SYSTEM 

The essential requirements for manufacturing drawings are that 
complete information for fabricating the article be clearly shown and 
that the parts specified are so arranged and identified that spare parts 
can be ordered and stocked. A complete set of drawings for an article 
should iaclude a final-assembly drawing, drawings of all necessary sub- 
assemblies, and detail drawings for individual parts. All detail draw- 
ings should completely disclose and illustrate the construction of the 
part and supply aU dimensions and other information necessary for its 
manufacture. The division of the article into subassemblies should be 
in accordance with a practicable manufacturing assembly procedure. 
Schematic wiring, plumbing, and control-mechanism diagrams, when 
necessary for maintenance of the article, should be included in the set of 
drawings. 

. In Figs. 6:6 through 6:9 ^ are shown a group of related detail, sub- 
assembly, and assembly drawings that illustrate the nature and sequence 
of drawings required to provide manufacturing information. Figure 6:6 
describes a detail wood member that is combined with other wood mem- 
bers and spacers to form the longeron subassembly shown in Fig. 6:7. 
Figure 6 : 8 shows manufacturing information for a welded steel fitting, 

^Figures 6:6 through 6:9 show drawings using separate bills of material (see 
Chap. 8). These are not shown and contain materials data and requirements for 
the drawings. 
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Fia. 6 : 6. — ^Wood-detail part drawing. 
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Fig. 6:7. — Wood subassembly drawing. 










STANDARDS 


103 



o 

£1 


^ 6:8. — Steel subassembly drawing. 
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which, is combined wdth the longeron subassembly to form the longeron- 
and-fitting assembly shown in Fig. 6:9. To carry this series on to the 
final assembly drawing would require a fuselage assembly drawing, 



d 

& 


showing the assembly of four longeron-and-fitting assemblies with vari- 
ous associated parts to form the fuselage structure, and a final assembly 
drawing of the complete airplane — calling out the fuselage assembly 
with the additional major assemblies and installations required to assem- 
ble the complete airplane. 

Whenever large, complicated products are involved, need arises for 
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installation drawings similar to the example shown in Fig. 6 : 10. These 
provide means of specifying parts required to install major components 
during final assembly of the structure and give instructions regarding 



the proper method of installation. In the absence of installation draw- 
ings it would be necessary to specify a multitude of attaching parts on 
the final assembly drawing. This not only would confuse this drawing 
but would also deviate from the basic rule requiring an arrangement of 
drawings that agrees with manufacturing and assembly procedure. 

Installation drawings provide a means of specifying attaching parts 
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and installatiorL instructions at the proper places in the sequence of 
assenably. Each installation drawing should specify the parts to be 
installed and the bolts, washers, nuts, screws, clips, cotters, and other 



attaching parts necessary to complete the installation. Structure and 
other units to which the installation parts attach should be shown in 
phantom outline and when identified at all should be clearly designated 
“reference"' parts. 

The final assembly drawing for a hydraulic actuating cylinder is 
shown in Fig. 6:11. This is a comparatively small article and does not 







STANDARDS 


107 


require installation drawings. All subassemblies and detail parts re- 
quired to complete the final assembly are specified on the final assembly 
drawing. 

Standard Method op Drawing 


When an installation or assembly drawing for a vehicle requires a 
side view of the vehicle or part of it, it is customary to prepare the 
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Fig. 6:12. — Section and detail views. 


drawing as viewed from the left side of the vehicle headed toward the left. 
All related subassemblies and details should be drawn in the position 
that they assume in the installation or assembly drawing. All sub- 
assembly and detail drawings not forming part of the set of drawings 
that describes a vehicle should show the part in the position that it occu- 
pies in the final assembly drawing, not inverted or reversed to agree 
with a position that it may assume in a jig or machine tool during manu- 
facture. 


108 


ENGINEERING ORGANIZATION AND METHODS 


Installation and assembly drawings having both left and right sides 
symmetrical and identical may be drawn showing the left side only and 
with the notation CL SYM placed across -the drawing centerline. The 
drawing should be arranged from the viewpoint of an observer standing 
either at the front or rear of the article and looking along its length. 
The fore-and-aft direction of the dra^ving should be clearly indicated 
by an arrowed extension of the longitudinal centerline and suitable nota- 
tion. 

Drawings should be made by the system of orthographic projection 
known as “third angle^^ or “third quadrant’^ and show top, front, and 
side views of the object. Very simple shapes, such as pins or bolts, may 
omit the top view, which would be a duplication of the front view. Per- 
spective or isometric drawings can sometimes be used to advantage in 
illustrating a complex installation. Auxiliary projections and section 
and detail views (see Fig. 6:12) to show the true dimensions and form 
of a part or portion thereof should be used as required. In general, 
sufficient views to describe the part clearly for manufacturing purposes 
should be shown, and no more. However, it is rarely acceptable to show 
less than two views of the object. 


Sumplipication of Drafting 

Drafting that serves only to enhance the appearance of a drawing 
should be eliminated, and all engineering effort concentrated on rapidly 
preparing accurate, understandable drawings. The following drafting 
simplifications are recommended as logical means of eliminating unneces- 
sary engineering expense : 

a. Do not specify rivet lengths, but arrange with the factory to select 
the correct length to produce the proper rivet-head size. 

5. It is unnecessary to show all the rivets or bolts in a row or group. 
Show one at each end of a row or one of a group. Centerlines and nota- 
tion of the total quantity are sufficient for the remainder. 

c. Do not show cotter pins or lock wire. These can be installed where 
required as shop practice and checked by the inspection department. 
However, they must be specified on the drawing. 

d. Show hidden outlines only where absolutely necessary for clarity. 

e. It is not necessary to crosshatch sections to identify material. 
Opposite-direction hatching should be used for clarity wherever a jimc- 
tion of materials occur. 

/. Crosshatching may be eliminated on any section that is under- 
standable without hatching. 
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g. Do not show details of parts such as name plates, that are detailed 
upon another dra^ving. 

h. Details of instrument faces and other purchased equipment need 
not be sho-wn. 

i. It is not necessary to show more of reference or phantom parts than 
is required to locate the area concerned. 

j. Oilly those views necessary to describe the part clearly for manu- 
facture should be shown. 

fc. It is not necessary to show welding symbols on the next assembly 
of a welded part — only on the dra'wing actually used to manufacture the 
welded assembly. 

These are only a few general drafting simplifications that can be 
utilized mthout sacrificing the drawing's utility. Many more that 
apply with special emphasis to the products of a particular company 
can be discovered without difficulty. Each will serve to reduce the total 
engineering expense. 


Dash Numbers 

Dash numbers of the basic drawing number can be used to reduce 
drafting expense as they avoid the preparation of a separate drawing for 
each part, assembly, and installation. The use of “ — as a suffix to 
the basic drawing number (see Chap. 7) to indicate the right-hand op- 
posite form of a detail part, assembly, or installation often halves the 
quantity of drawings required. Furthermore, it is often possible to 
dimension and describe completely all or many of the detail parts of an 
assembly in their proper place on the assembly dra^ving. Each detail 
part can then be assigned a dash number of the basic drawing number 
for manufactuiing and stock identification. 

When two or more pieces are riveted, welded, or otherwise perma- 
nently joined to form a part that is removable as a unit, each piece 
must be assigned a part number by which it can be manufactured and 
stocked. Dash numbers can be used for this purpose, and separate de- 
tail drawings eliminated. Dash numbers can also be used to identify 
individual pieces that are removable as a unit from the assembly. 

The use of dash numbers may be classified under four general head- 
ings: 

< 2 . To designate the left- and right-hand opposite forms of a detail, 
assembly, or installation (see Chap, 7). 

h. To identify a detail part of an assembly that can be sufficiently de- 
tailed and dimensioned in its proper place on the assembly drawing. 

c. To indicate subassemblies of a main assembly. 
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d. To tabulate two or more similar parts described by a single draw- 
ing (see Tabulated Dra’^ungs later in this chapter). 

Use of dash numbers for part identification is advisable for experimen- 
tal drawings and for production drawings when only a small quantity 
of the article will be produced. Their use saves considerable engineer- 
ing expense but limits the flexibility of the drawings. It is difficult to 
call for a dash-number part on a drawing other than its own, and changes 
in a very small part may require revision and reissuance of -a large roll- 
size traciQg. Furthermore, inexperienced factory personnel sometimes 
have difficulty in understanding a dash-number system of parts identi- 
fication. For these reasons it is recommended that individual drawings 
be prepared for every part when large production quantities are in- 
volved. 


Dash Numbers for Detail Parts of an Assembly 

Inasmuch as “ — 1^’ is used to identify right-hand opposite parts, the 
dash-number detail parts should begin with The even dash 

numbers (such as — 2, — 4, — 6, etc.) should be used for left-hand detail 
parts, and the odd dash numbers ( — 3, — 5, — 7, etc.) for the right-hand 
opposite detail parts. It is always understood that — 3 is the right-hand 
opposite of — 2, — 5 the right-hand of — 4, etc. When a detail part is 
not left- and right-hand, it should be assigned the next even dash num- 
ber in sequence, and its complementary odd dash number remains un- 
used. This maintains the basic significance of dash numbers in all cases. 

On all dra^vings (except tabulated) each dash number should be 
placed within a ^-in. circle close to the part that it identifies, with an 
arrowed extension line touching a border of the part (see Fig. 6:13). It 
is always necessary to assign a title to dash numbers, except those called 
out solely for reference. In most cases the basic noun is sufficient. The 
requirements for dash-numbered parts should not be called out on the 
face of the drawing but only in the bill of material. Unless this proce- 
dure is followed, errors might result from drawing changes in which 
dash-number requirements may be changed in one location and a cor- 
responding change overlooked in another area. 

Whenever it is necessary to call for a certain dash number in more 
than one place on a drawing, the supplementary dash number should be 
referenced and the %-in. circle omitted. Thus: “ — 8 (Ref).” The 
requirements will be totaled in the bill of material. 

Only tabulated dash-numbered parts should be called out on drawings 
other than their own basic drawing, except for reference purposes. When 
additional uses are found for a dash-numbered part, it should be sepa- 
rately detailed under a basic drawing number and the dash-number 
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Fig. 6:13. — Use of dash numbers on assembly drawing. 
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designation canceled. This is necessary because the dash-number iden- 
tification does not provide for a multiplicity of next assemblies and the 
listing of quantities required per model. When a dash number is shown 
for reference on another drawing, this should be indicated in the con- 
ventional manner, but the title and requirements may be omitted. 
Thus: ^^207800-4 (Ref).” 

Dash Numbers eor Subassemblies 

Some engineering departments have extended the use of dash num- 
bering to identify subassemblies of an assembly drawing. However, 
this practice sometimes causes confusion in the manufacturing depart- 
ments and is not considered desirable. The best over-all economy will 
be obtained by confining the use of dash numbers to detail parts and 
preparing separate drawings for subassemblies. The use of dash num- 
bers for subassemblies is described here for information but is not 
recommended. 

To continue with the procedure outlined on page 110, dash numbers 
may be used to identify subassemblies of main assemblies. Assume 
that the part shown in the drawing of Fig. 6:13 is detailed and dimen- 
sioned in place on drawing 609000 — one of the next assemblies of this 
part. In this case it might be called out as 

(— im BRACKET ASSEMBLY 
CONSISTS OF —2, —3, 

. —4, —6, AND —8 

The pieces makmg up — 10 (namely, — 2, — 3, — 4, — 6, and — 8) 
would be shown in the usual manner, and — 10 would be called out in 
the bill of material as simply — 10 Bracket Assembly.” Inspection of 
the note under — 10 on the drawing would identify the pieces making 
up this assembly. 

Thus a single basic drawing number and a single basic dra\ving may 
serve for a large variety of parts. The basic number and — 1 can indi- 
cate the left- and right-hand opposite forms of the major assembly; 
additional dash numbers identify subassemblies; and other dash num- 
bers indicate the pieces forming each subassembly. 

Canceled Dash Numbers 

A canceled dash number should never be used again. The next dash 
number in sequence should be assigned to a new dash-numbered part. 
This practice is necessary to avoid errors in manufacture and stocking 
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of parts. When a dash number is canceled, its requirements and de- 
scription are removed from the bill of material and an X placed through 
these spaces — but the dash number itself remains to indicate that the 
particular, number has been canceled. 

Tabulated Drawings 

Groups of similar parts, which vary only in a few particulars and are 
basically the same — such as name plates for closely related articles, bolts 
of different lengths, and bushings of various diameters — may be tabu- 
lated on one drawing to reduce drafting expense. A drawing is pre- 
pared to show the part to be tabulated (see Fig. 6:14), and the variable 
data is identified by letters keyed to values given in the tabulation 
block. Dash numbers of the basic drawing number identify each size 
or arrangement of the part. 

The basic number of a tabulated drawing serves only to identify the 
drawing and should not be used as a part number. Drawing tabulations 
shoifid begin mth —2, (reserving usage of — 1 to identify the right-hand 
opposite form of a complete part or assembly) and continue in accord- 
ance with the rules established on page 110. Drawings involving di- 
mensional tabulation normally use the letters L, W, T, and G to indicate 
length, width, thickness, and grip. Letters A, B, and C are used for 
other variables. 

All tabulated drawings should show the “number required,” “model,” 
and “next assembly” dra^ving number for each part or assembly listed 
in the tabulation. This is the prime difference between tabulated draw- 
ings and the standard-part drawings shown later in this chapter. Stand- 
ard-part drawings do not show model requirements, for it is assumed 
that these parts are universally usable on a majority of company prod- 
ucts, whereas tabulated dramngs are confined to usage on a single model 
or small group of related models. 

Coded Drawings 

Cases often arise where an installation or major assembly for an exist- 
ing production model can be used on a new model with some substitution' 
of parts affecting only a small portion of the total drawing. In such a 
case it is possible to code the installation or assembly drawing to serve 
for both models, with elimination of considerable drafting time. 

The existing drawing number is assigned a — 500 dash-number suflfix 
to establish a new drawing number for the modified installation or as- 
sembly required for the new model, and the variable parts (both old and 
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Fig. 6:14. — Tabulated name-plate drawing. Model designations are same as next assembly numbers in this case and are not listed. 
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SYMBOLS FOR CODED DRAWINGS 

(a) Where the installation (or assembly) is not L. H. or R. H. 

PARTS MARKED THUS*. 0 USED ON 00000 (basic no.) only 

PARTS MARKED THUS*. (J) USED ON 00000-500 ONLY 

PARTS MARKED THUS; USED ON 00000-502 ONLY 

ALL OTHER PARTS USED ON ALL INSTALLATIONS (or assemblies) CALLED 
FOR HERE. 

(b) Where the installation or assembly is both L. H. and R. H., 
the drawing should not be tabulated for more than two stepSy and 
the follo^vdng notation used: 

PARTS MARKED THUS! USED ON 00000 (basic L.H.) ONLY 


PARTS MARKED THUS.* 


PARTS MARKED THUS: 


PARTS MARKED THUS: 


(J USED ON 00000-1 (basic R.H.) only 
(D USED ON 00000-500 (coded L.H.) only 
(J) USED ON 00000-501 (coded R.H.) only 


ALL OTHER PARTS USED ON ALL INSTALLATIONS (OF assemblies) CALLED 
FOR HERE. 


TABULATION BLOCK FOR CODED DRAWINGS 

A tabulation block to cover the model requirements and next 
assemblies must be placed on the drawing, about 4 inches to 
the left of the title block, similar to the following example: 


50J234-502 

501234-500 

50/234 



509876 
506739 -500 
506789 


YA49 

J-63 

J-GT 


PART 

NUMBER 


REQ. 

PER 

ASSEM. 


REQ. 

PER 

UNIT 


NEXT 

ASSEM. 


MODEL 
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new) are coded. A maximum of three mode^ can be covered by this 
method when the variations in each are minor . The basic drawing num- 
ber (which remains unchanged in the drawing title block) identifies the 
original model; — 500 is used for the first variation, and 502 for the 
second variation. It is not practical to carry the coding procedure be- 
yond three models as the draiving usually becomes too confusing to 
justify the saving in drafting expense. Drawings involving left- and 
right-hand opposite forms should not be coded for more than two models. 
In such cases new drawings, assigned new numbers, should be made to 
cover additional models. These should carry a similarity note (thus: 
''Similar to 670961'') to aid in coordinating tooling and manufactur- 
ing planning. 

When a drawing is coded, it is necessary to use coding symbols in 
order to distinguish the new parts from the old ones and guide the manu- 
facturing departments in selecting the correct parts to form the proper 
assembly for each model (see Fig. 6:15). Both old and new parts are 
called for in the field of the drawing, written one below the other as a 
dual call-out, with the proper coding symbol following each. A nota- 
tion is placed upon the drawing, directly to the left of title block to 
identify the coding symbols. A tabulation block listing model require- 
ments appears adjacent to the coding symbol notation. All model re- 
quirements are removed from the title-block space, and the word 
“Noted" is placed in this area. 

A notice of change is prepared for the basic drawing number, showing 
the reason for change as “Drawing coded for — 500 (and/or — 501, 
—502)" and listing all parts added or deleted. The coding procedure 
must be carried on through next assembly drawings until a point is 
reached where interchangeability is no longer affected. Usually this 
point is where a new drawing, under a new drawing number, exists for 
the new model. In cases where a new drawing is not prepared, it may 
be necessary to carry the coding procedure on through to the final 
assembly drawing. Detail and subassembly drawings of the coded 
drawing do not require addition of the exact next assemblies ( 500, 

— 501, etc.) unless also coded or when the quantity required will be dif- 
ferent fox the new assemblies. Ordinarily, only the basic numbers need 
be shown in the model-requirements space. 


Drawing Titles 

The drawing title is the name of the part described by the drawing. 
It should consist of the simplest basic name for the part, followed by a 
dash and suitable description. The descriptive- terms should be ar- 
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ranged in an order that names the part as it would be identified in con- 
versation when the title is read in this manner: Begin at the dash, read 
straight through to the end, and lastly read the basic name preceding 
the dash. Thus, ^Tlate-Retracting Screw Guide^^ is read as '^Retracting 
screw guide plate.^^ 

The basic name should not be descriptive of the method of manufac- 
ture but must describe the nature or function of the part. Names such 
as "casting, "forging,’^ "weld assembly’’ are meaningless to the main- 
tenance man searching through a catalogue to locate parts needed for 
repairs. 

Punctuation in drawing titles should be limited to a single dash, with 
the exception of periods required for some abbreviations. The basic 
name should never be abbreviated, but abbreviations are sometimes de- 
sirable in the remainder of the title. All abbreviations should conform 
to the standards for scientific and technical terms established by the 
American Standards Association. 

Basic names of more than one word should be used only in the case 
of assembly drawings. Names such as "tie rod” and "jackshaft” can be 
handled in the following manners : 


or 


SHAFT— TEANSMISSION JACK 
Read as: "Transmission jackshaft^’ 

ROD— FRONT AXLE TIB 
Read as: “Front axle tie rod^’ 


Basic names of more than one word are necessary in titles for assem- 
bly and installation drawings. Thus: » 


RESERVOIR ASSEMBLY— SHIMMY DAMPER 
Read as: “Shimmy damper reservoir assembly’ ' 

POPPET AND SEAT ASSEMBLY— SELECTOR VALVE 
Read as: “Selector valve poppet-and-seat assembly” 


The details of an assembly must be assigned titles that agree with the 
name of the assembly and must be consistent with one another. For 
example, two subassemblies of an instrument-panel assembly might be 
designated as "Bracket Assembly — Instrument Panel” and "Support 
Assembly — Instrument Panel.” Both are proper assembly-drawmg ti- 
tles, but the titles assigned to their detail drawings must distinguish 
between the assemblies. Thus: 


GUSSET— INSTRUMENT PANEL BRACKET 
PLATE— INSTRUMENT PANEL SUPPORT 
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Note that the naming of detail parts follows the same choice of words 
as the assembly. 

The words ^ ^installation^ ^ and '‘layout'^ are acceptable as basic draw- 
ing names. F or instance : 

INSTALLATION— TAIL WHEEL 

and 

LAYOUT— LANDING GEAR WHEELS RETRACTED MECHANICAL 
WARNING INDICATOR 

No two parts (except standard parts or tabulated parts) for a given 
model should have exactly the same title. When two or more parts are 
similar or perform the same function, their location or relative position 
can be used to provide separate identity. Thus: 

PLATE— Camera magazine center 
PLATE— CAMERA MAGAZINE SIDE 
PLATE— CAMERA MAGAZINE COVER 

In general, the drawing title should be as simple as possible without 
inadequately describing the part or failing to distinguish among similar 
parts. 

DESIGN HANDBOOK 

An engineering department of moderate size Avill find a company- 
design handbook of value. In such a handbook are listed the desired 
design methods for products manufactured by the company, based upon 
preferred manufacturing methods and available equipment. Each 
draftsman and designer is furnished a copy of the design handbook, and 
all designs that involve deviations from established design methods re- 
quire approval of the chief development engineer or chief engineer. 

A design handbook is not intended to circumscribe creative, functional 
design but, instead, to direct production design into forms that vdll be 
possible of economical manufacture. Its purpose is to guide the de- 
signer in avoiding designs that 'will be unnecessarily dhEcult and ex- 
pensive to produce. The outline of a design handbook should not be 
-based upon the kind of part designed but rather upon evaluation of the 
principles, capacities, limitations, and relative economy of the mate- 
rials, machine tools, and processes used to manufacture company prod- 
ucts. A design handbook suitable for a majority of product design can 
be prepared from the following outline: 

Chapter 1. Eactors Governing Manxifacturing Economy 

Chapter 2. Serviceability of Designs 

Chapter 3. Lubrication as a Factor in Design 
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Chapter 4. 
Chapter 5. 
Chapter 6. 
Chapter 7. 
Chapter 8. 
Chapter 9. 
Chapter 10. 
Chapter 11. 
Chapter 12. 
Chapter 13. 
Chapter 14. 
Chapter 15. 
Chapter 16. 
Chapter 17. 
Chapter 18. 
Chapter 19. 
Chapter 20. 


Materials 

Drilling, Reaming, Counterboring, and Threading 

Turning, Boring, and Grinding 

Milling and Broaching 

Sand and Permanent-mold Castings 

Die, Pressure-mold, and Centrifugal Castings 

Forgings 

Wood Parts 

Fusion Welding 

Resistance Welding, Brazing, and Soldering 
Cutting and Bending Sheet Metal Parts 
Forming Sheet Metal Parts 
Drawing Sheet Metai Parts 
Riveted Assemblies 
Plastic PartiS 

Protective Coatings and Processes 
Decorative Coatings and Processes 


STANDARD PARTS AND DESIGNS 

A standard part differs from other parts in that it is not identified 
any one particular model but is (or can be) used universally over a 
range of models. However, a part used on several models does not al- 
^vays merit classification as a standard. To become a standard the part 
must be one that could conceivably be used on nearlj" every model. 
Standard parts should not be confused wdth tabulated parts. 

A standard design establishes a uniform method of accomplishing a 
certain manufacturing or assembly operation and simplifies drafting by 
eliminating repetition of elaborate notes on the manufacturing drawings. 
Examples of one type of standard design are lightening holes, stiffening 
beads, rivet-installation data, and electrical-cable assembly informa- 
tion. A second type of standard-design dramng is used to show enve- 
loped^ dimensions for design components standardized by a recogmzed 
industry committee or governmental agency. 

During the preliminary design investigation of a new product a care- 
ful study should be made of existing commercial industry and govern- 
ment standard parts, and as many as possible used. Hardly a day 
passes in a large engineering department without at least one special 
part being designed for an application \vhere an existing standard part 
will serve just as w^ell. A good example of this is a special bolt for use 
as an adjustable stop. The fact that such a bolt requires threads for its 
full length frequently results in the design of a special part, w^hen a 
square-head setscrew can be used for a majority of such apphcations. 
Setscrews are available in a wfide variety of diameters and lengths and 
always have full-length threads. The fact that these setscrews have a 
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comparatively small head area is not important; for if there is a possi- 
bility of misahgnment or deflection causing the bolt head to slip past its 
stop, this can be prevented by using a larger stop rather than a special 
oversize bolt head. The establishment and use of design standards should 
also be encouraged, to take advantage of savings in design and drafting 
time that can be realized through wuse application of this practice. 

There are four basic classes of standards, designated as 

а. Government standards, such as: 

AN (Army-Navy) standard parts 

AND standard designs 

NAF (Naval Aircraft Factory) standard parts 

AAF (Army Air Forces) standard parts 

б. Industry standards, such as: 

SAE standard parts and designs 

ASA (American Standards Association) standard parts and designs 

NAS (National Aircraft) standard parts and designs 

c. Company standard parts and designs 

d. Commercial standard parts 

Government contracts require that government standards receive 
preferential usage, followed by industry, company, and commercial 
standards. Company or commercial standards may be used only when 
a government or industry standard does not exist for the item required. 


STANDARDS HANDBOOK 

A standards handbook contains drawings of standard parts and de- 
signs, and those normally available in an engineering department in- 
clude relevant government and industry handbooks and the company 
standards handbook. The company standards handbook contains 
drawings of all standard parts and designs developed by the company. 
The standards dramng numbers are usually prefixed by a suitable letter 
identification. For instance, all Vultee Aircraft Company standard- 
part drawings are prefixed and all standard design drawings with 

“VSD.’^ Company standards are usually prepared and issued by the 
standards engineer, who directs all company activities relating to stand- 
ard parts and designs. 

A member of the engineering library or files should be assigned the 
responsibility of maintaining all standards handbooks in a current and 
up-to-date condition, under the direction of the standards engineer. 
The duties of the person assigned this work include 



STANDARDS 


121 


a. Maintaining the original or vellum copies of all standards. 

h. Maintaining a “master copy’' of each standards handbook, as an example of a 
correct, up-to-date copy. 

c. Maintaining an “obsolete master copy” in which are accumulated one copy of 
all canceled and superseded standards. 

d. Maintaining a record of all persons possessing copies of the standards handbooks. 

e. Heceiving all new and revised standards drawings, obtaining a sufficient quan- 
tity of prints of each, and i mm ediately placing these in all standards handbooks — 
followed by the removal and destruction of superseded pages. 



Fig. 6 : 16 . — Company standard-part drawing. 
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Fig. 6:17. — Company standard-design drawing. 
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New Company Standards 

To insure uniformity in issuance of company standards it is necessary 
to provide centralized control of the assignment of standard-part num- 
bers and the preparation of new standard drawings. This control is 
vested in the standards engineer. When the company has two or more 
operating di^dsions, the additional problem of coordinating standards 
between divisions is introduced, and the standards engineer at the com- 
pany's home office then becomes standards coordinator for all divisions. 
In this case a single, uniform company standards handbook should be 
used by all divisions in order to avoid duplication of standards and to 
insure that all existing standards are available to each division. 

When a new company standard is desired, the standards engineer 
must be furnished with a sketch and description fully explaining the new 
standard and its proposed usage. If the issuance of the new standard 
is approved, a standards drawing is prepared and copies furnished to all 
standards handbooks. If the request is rejected, the requester is given 
a full explanation of the reason. 

€ 

Changes in Company Standards 

When it is desired to change an existing company standard, a drawing- 
change request (see Chap. 12) must be prepared and forwarded to the 
standards engiaeer. The change request is investigated and its origina- 
tor notified of the action to be taken. When an immediate change is re- 
quired on a company standard, it is necessary to issue an engineering 
order deviation (see Chap. 11) on the standard involved and forward a 
copy of the EO to the standards engineer. Either the affected standard 
wiU be changed or a new standard issued. This procedure is not often 
necessary unless the company has several operating divisions, for the 
standards engineer is immediately available for consultation in the case 
of a self-contained organization. 

Advance drawing changes (see Chap. 11) should not be issued against 
company standards or in lieu of a drawing for a new company standard 
unless approved by the standards engineer prior to their release. All 
changes on company standards are effective on future production, and 
it should be understood that parts on hand at the time of the change 
will be used until the stock is exhausted. When a standards change will 
affect interchangeability of the standard part, it is necessary to issue a 
new standard under a new number for the ‘hhanged" part and retain 
the previous version of the part, in the standards handbook marked with 
the notation ^Tnactive for Design, Use (new standard)." 
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Release of Company Standards Drawings 

A simple release procedure for company standards drawings is shown 
in Fig. 6:18. All new or changed standards drawings are forwarded by 
the standards engineer to Engineering Release "with a “release request” 


{ Request for new sfandarcf or change. 
AH requests from each division rout- 
ed to std’s engineer. 



Investigates need for new standard, 
for coordinates CP. with other divi^ 
sionsj. Prepares dwg. or makes chan- 
ges on valid request. Standards num- 
hers book kept up to date by Std‘s, 
Engn. Sends dwg. to release with re- 
lease request. 

Writes job ticket in triplicate. Origin- 
al with Job. Writes or posts dwg. 
Status card. Obtains check prints on 
new dwgs. 


Check drawing for drafting practice, 
production design efc..S)gns dwg. or 
change notice and Job ticket. 


Strength and materials check. -Signs 
dwg. or change notice and Job ticket. 


Weight check. Notes calculated orac' 
iuat weight on memo and attaches to 
dwj^.^igns change notice ana Job 

Checks ana signs dwg. and signs Job 
ticker. Orders and distributes prints 


(1) Release group 
Standards file 



OTHER 


HOME 

DIVISIONS 


OFFICE 


One transparent One print to 
to each. each Std's. book. 


Fig. 6:18. — Release system for company standards drawing. 


(see Chap. 9). Release routes the standard drawing to (1) Check, (2) 
Stress, and (3) Weight Control. These groups each check the standard 
drawing, coordinate desired changes with the standards engineer, and 
sign both drawing and job ticket as soon as the drawing meets with their 
approval. Following approval by the weight-control group the stand- 
ard drawing is sent to the standards engineer for final approval and dis- 
tribution of copies to all company standards handbooks. A duplicate 
tracing of the standards drawing is forwarded to each division when the 
corporate structure involves a multiplicity of operating divisions. 
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COMMERCIAL STANDARD PARTS 

Commercial standard parts are any and all commercial parts uni- 
versally usable without reworking that are not classified as government, 
industry, or company standards. The term ^'conomercial standard 
part” does not pretend to fix any limitation that would prevent calling 
for any suitable part selected from commercial manufacturer^ cata- 
logues, except that this usage should be approved by the company 
standards engineer in order to avoid an unnecessary variety of commer- 
cial standards. When a commercial part is not usable strictly as pur- 
chased but requires reworking, there must be a company drawing made 
for the part, a drawing number assigned, and it cannot be known as a 
commercial standard. It may, however, become a company standard 
if it is universally usable after reworking. 

Commercial standard parts are often transient in status, as govern- 
ment and industry standardizing groups frequently adopt as standards 
of their own newly developed commercial standards as soon as these 
have proved usable and reliable. When a new government or industry 
standard is issued on a part that previously was known as either a com- 
mercial or company standard, the new status of the part takes preced- 
ence over the former status, and all company standards drawings are 
superseded. 



CHAPTER 7 

DRAWING AND REPORT NUAIBERING 


Before a piece of drafting work can become a drawing, it must be 
assigned an identifying number. This number not only is an index for 
filing and recording the drawing but is also the part number of the article 
described by the drawing. Some companies have used separate drawing 
and part numbers, but this often led to confusion, and modern practice 
establishes the drawing number as the part number. 

Each drawing should be assigned a number — not only manufacturing 
drawings of parts but also layout, proposal, mock-up, equipment, and 
building-improvement drawings. In fact, all drawings that may be 
used outside the originating group require a number. 

Freehand sketches should not be considered drawings and need not 
be assigned numbers. Those made in production engineering groups 
are usually not preserved, except in the originator^s personal file. 
Sketches made in development engineering groups, however, should 
be signed, dated (but not necessarily numbered), and filed for possible 
reference on patent matters. 


DRAWma-NXJMBERING SYSTEMS 

Standardization of drawing identification does not exist, and there are 
nearly as many numbering schemes as companies engaged in product 
design. A majority of these, how^'ever, can be grouped into three broad 
classifications of (1) universal, (2) coded group, and (3) functional. The 
first provides only identifying numbers for the drawings; the other 
methods attempt to indicate also the nature of the drawing. In almost 
every case use of a coded-group or functional system ends in confusion, 
due either to lack of foresight when establishing the drawdng numbering 
scheme or carelessness of personnel who issue and use the numbers. The 
universal system should be favorably considered whenever it becomes 
necessary to establish a drawing-numbering scheme. Coded and func- 
tional numbering systems have httle to recommend their usage, for all 
eventually fail in fulfilling their purpose of providing identification of 
part usage and nature. The number may provide complete identifica- 
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tion when the drawing is released, but as soon as the part is used for 
another model or in a different application the drawing number loses its 
significance. 


Universal Numbering System 

This drawing-numbering system is used by some of the largest organi- 
zations engaged in product design, including General Motors Corpora- 
tion and the Douglas Aircraft Company. A serial number is assigned 
each drawing for identification purposes, such as 'T00231” or ^'475051. 
No attention is given to maintaining significant numbers for particular 
assemblies or installations. The next number in numerical sequence is 
assigned to the next drawdng, regardless of size, model, or title. In some 
cases the number is prefixed with letter or numeral to indicate the draw- 
ing size, such as A, 5, C, D, and R or 1, 2, 3, 4, and 5. This practice 
cannot be encouraged, however, for drawing-size identification then 
becomes a part of the dra'wing number, leading to complications when 
revision requires redraudng on a larger sheet. 

When an organization comprises several operating divisions, it is 
customary to allocate numbers in blocks to each division. Divisions 
then have complete jurisdiction over assignment of numbers from their 
respective number blocks. An example of divisional block allocation is 
seen in the following partial listing of General Motors drawing numbers : 


000,001 to 050,000 

050.001 to 100,000 

100.001 to 149,999 

150.000 to 230,000 

230.001 to 232,000 

232.001 to 252,500 

252.501 to 275,000 

275.001 to 277,500 

277.501 to 325,000 

325.001 to 380,000 

380.001 to 457,500 

457.501 to 477,500 

477.501 to 550,000 


Assigned to 

Delco Products Division, Dayton, Ohio 

Yellow Truck and Coach Manufacturing Company, 
Pontiac, Mich. 

General Motors Standard Parts 
General Motors Standard Parts 
Olds Motor Works Division, Lansing Axle Plant, 
Lansing, Mich. 

Yellow Truck and Coach Manufacturing Company, 
Pontiac, Mich. 

Saginaw Steering Gear Division, Saginaw, Mich. 
Central Products, Detroit, Mich. 

Yellow Truck and Coach Manufacturing Company, 
Pontiac, Mich. 

Chevrolet Division, Detroit, Mich. 

Olds Motor Works Division, Lansing, Mich. 
Chevrolet Division, Detroit, Mich. 

Pontiac Motor Division, Pontiac, Mich. 
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Coded-group Numbering System 

Tlie coded-group numbering system employs the first and second 
(sometimes only the first) numeral to indicate the general nature of the 
part described by the drawing. The remaining numerals are the draw- 
ing serial number. In some cases the basic number is prefixed with the 
project or model number, such as ^^27 — 3167.” The numbering scheme 
used by Aireon Corporation to insure that all parts for similar units are 
contained in the same number group is an example of a simple coded- 
group numberiQg system: 


Dwg. No. 

Group 

Nature of Unit 

13000 

Control panels 

14000 

Castings and forgings 

15000 

Piping diagrams 

18000 

Flap cylinders 

19000 

Test procedures 

22000 

Cylinders 

24000 

Dampers and snubbers 

28000 

Oil filters and reservoirs 

29000 

Couplings and shutoff valves 

30000 

Hydraulic fxises 

31000 

Relief valves 

32000 

Restrictor valves 

33000 

Directional flow, cutover and shuttle valves 

34000 

Check valves 

35000 

Accumulators 

36000 

Brake valves and deboosters 

40000 

Regulators and pressure governors 

47000 

Hydraulic lock valves 

50000 

Freezeproof water drain 

55000 

Sequence, unloading and stop valves 

56000 

Swivels 

58000 

Sump pumps 

60000 

Turret valves 

62000 

Selector valves 

65000 

Hand pumps 


All coded-group numbering schemes have a common deficiency in 
that they provide a limited quantity of drawing numbers for each group. 
In many cases it may seem that a given quantity (hke 999) of drawing 
numbers will suffice for all future needs of a particular unit. Frequently 
this is not the case, and all available drawfing numbers are issued. It 
is then necessary to establish an unorthodox method of extending the 
particular group, with resultant numbering-system complications. 
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Functional Numbering System 


The functional drawing-numbering system is a refinement and ex- 
tension of the coded-group system. The number is further coded to 
indicate not only the general nature of the part but its function as well. 
An example of this system is the drawing-numbering scheme shown in 
Fig. 7:1. This scheme, with various minor alterations to suit individual 
needs, is used by several major aircraft manufacturers. 

This drawing-numbering scheme divides an airplane into a maximum 
of 99 functional units with a total of 1,000 drawing numbers provided 
for each. Each drawing number is prefixed wfith the relevant project 
number. Thus, “34 — 33001’^ is the landing-gear installation drawing 
for the airplane designed as project 34, and “72 — 33001” would identify 
the similar drawing prepared for project 72. 

Dramng numbers ending in “001” are reserved for the principal in- 
stallation drawings that are installed on the complete airplane assembly 
(XX — 00002). Major installations end in “01” and assemble on the 
“001” installation drawings. For the sake of consistency the following 
“01” numbers should be assigned the designated installation: 


XX— XXIOI 
XX— XX201 
XX— XX301 
XX— XX401 
XX— XX501 
XX— XX601 
XX— XX701 
XX— XX801 
XX— XX901 


Fuselage installations 
Wing center-panel installations 
Wing inner-panel installations 
Wing tip installations 
Wing outer-panel installations 
Empennage installations 
Landing-gear installations 
Nacelle installations 
Power-plant installations 


The drawing showing installation of the fuselage hydraulic system 
would be “XX — 82101,” and the fuselage electrical system installation 
would be “XX— 78101.” 

Numbers between 10 and 99 should be used for assemblies and minor 
installations (such as the installation of a welded bracket). If addi- 
tional numbers are required for assemblies and/or minor installations, 
these can begin at 902 and continue through 999. Detail drawings be- 
gin with 102 and continue through 900, omitting 201, 301, etc. 

Parts relating to a certain functional unit should retain their basic 
numerical identification, regardless of where they are installed or what 
their next assembly may be. For example, a hydraulic-cylinder support 
bracket welded to the wing center panel should bear a hydraulic system 
number and show the center panel as its next assembly. Also, a control- 
system pulley bracket should bear the numerical identification of the 
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control system of which it is a part rather than that of the structure to 
which it assembles. 



Layout drawings have a “9^’ prefix added to the basic functional 
number. Thus, the landing-gear layout for model 72 woiild receive 
drawing number '72 — 9 — 39001.’' 


k 7:1. — Functional numbering sj'^stem suitable for aircraft drawings. 
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CONTROL OF DRAWING NUMBERS 

The establishment of a standard procedure to effect the issuance, 
recording, cancellation, and control of drawing numbers is vitally im- 
portant to successful operation of the engineering department. The 
elements of a practical system for effecting this end are relatively sim- 
ple, and the success of its operation is governed by (1) the caliber of the 
numbers clerk and (2) management insistence upon rigid observance of 
rules relating to issuance and use of drawing numbers. 

A member of the engineering planning group is designated as ^ ^num- 
bers clerk.^^ When the size of the department does not justify a plan- 
ning group, it is customary to assign the responsibility for drawing- 
number control to the drawing-release group. All drawing numbers are 
assigned by the numbers clerk and recorded in the relevant numbers 
book. Engineering-file prints of released drawings (both new and 
changed) are routed to the numbers clerk to permit correcting the 
numbers books on new drawings and maintaining an active record of 
revised requirements on changed diamngs. 


NUMBERS BOOKS 

Master numbers books are maintained by the numbers clerk, with 
separate books being provided for every model and for layout and 
standards drawings. These books should be in vellum form, and a 
^^direct-lineprint^^ copy used by the numbers clerk for daily entries. 
Another copy should be maintained in the records vault. Additional 
copies can be issued upon request by a department head and approval 
by the chief draftsman. Revised pages for all books should be issued 
each week. The master numbers books (both vellum and copy) should 
never be removed from the planning or release group. The specimen 
drawing numbers-book page shown in Fig. 7:2 provides the following 
information: 

Page No. All pages of each numbers book are consecutively numbered. 

Basic Model. Model covered by numbers book. 

Project No. and Kind. Project number assigned to the basic model and the nature 
of the project. 

Division. Used when company has more than one operating division. 

Dwg. No. Number assigned to drawing. 

Dwg. Title. Complete title assigned to drawing. 

Next Assembly. Number of next assembly of drawing. If drawing is used in a num- 
ber of places and has several next assemblies, list these. 

Used on Models. Provides a rough interchangeability parts list in cases where the 
quantity of related models is small. When a variety of models are involved, it is 
best to dispense with this column and provide a separate interchangeability list. 
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Fig. 7 1 2 , — Numbers book used to record drawing-number assignment. 
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Supersedes. Number of drawing superseded by the new drawing. At the entry for 
the superseded drawing a notation of *^By (new dwg. no.)'^ is made. 

Remarks. Used when a drawing is voided or canceled and for other pertinent in- 
formation. 

Date Issued and No. Clerk. This dual-entry space provides for date when drawing 
number is issued and for initials of clerk assigning number. 

Draftsman and Group. Draftsman assigned the new drawing number and his engi- 
neering group. 

Release and Dwg. Size. The drawing size is entered at the time when drawing num- 
ber is assigned. The drawdng release date is entered ■when drawing is completed 
and cleared through release system. 


Engineering-file Prints Routed to Numbers Clerk 

The engineering-file prints of each drawing release are routed to the 
numbers clerk who uses the prints to correct the numbers books and 
then forwards the prints to engineering files. The numbers clerk checks 
number, title, next assembly, model requirements, and other pertinent 
data on prints of new drawings with the original entry in the numbers 
book and changes the book as necessary to agree with the dra^ving. At 
this time the ^ Released date’^ is entered. When prints of changed draw- 
ings are received, the numbers clerk checks all pertinent data against 
the numbers-book entry and makes necessary changes and additions. , 
The numbers clerk should check on the first working day of each 
month all new drawing numbers that have been issued for over a month 
and the drawings not released. All drawing numbers that are found to 
be no longer needed should be voided. 

ISSUANCE OF NUMBERS 

Drawing numbers are issued by the numbers clerk, upon presentation 
of a drawing-number assignment request form in duplicate, approved 
by the requestor's supervisor. The supervisor is responsible for the 
draiying title conforming to company standards. A separate request is 
required for each number issued. The numbers clerk enters the num- 
ber on the request, retains the original, and gives the copy to the re- 
quester. The specimen drawing-number request form shown in Fig. 7 : 3 
provides for 

Model. Model or models that drawing is prepared for. 

Next Assembly. All next assemblies of drawings are listed. 

Size. Size of sheet that dra'wing ■will be placed on. 

Dwg. No. Number assigned to drawing by numbers clerk and simultaneously en- 
tered in appropria-fce master numbers book. 

Dwg. Title. Exact title that will appear on completed drawing. 
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Drafisman. Name of person preparing drawing. 

Group, Draftsman’s engineering group. 

Dwg, No, Clerk, Name of person issuing drawing number. 

Date. When drawing number was issued. 

This form is also used for issuing report numbers by striking out the 
word “drawing'^ in the title. When the form is used for drawing-number 
assignment, the word “report^’ is deleted. 

Drawing numbers should not be reserved or issued in blocks (except 
to another division) but are issued consecutively as required. Unless 
this rule is observed, it will be found that blocks of imused numbers will 


HEPORT 
DRAWING * 

In(er*t6t« Aketaft 4 Engine«rin<j Coip. 


, NUMBER ASSIGNMENT 


N9 l)3Gl 


Fig. 7:3. — Form used for request and issue of drawing and report numbers. 


be scattered throughout the numbem books, resulting in rapid consump- 
tion of all available numbers when coded-group or functional numbering 
is used. This condition results because it is impracticable for engineer- 
ing supervisors to forecast the exact quantity of drawings required for a 
given job. 

VOIDED AND CANCELED NUMBERS 

There are many occasions where a drawing number is assigned but 
subsequent events make the drawing unnecessary or undesirable, and 
the drawing is not prepared. In other cases, a drawing may be prepared 
and released, then found unsuitable, with the result that it is no longer 
required. Numbers issued to these drawings must never be reassigned, 
but should be voided or canceled^ depending upon the circumstances. 
Attempts to reassign these drawing numbers are certain to result in dif- 
ficulties arising from the possibility that the same nximber may be 
assigned to two drawings in the case of reinstating a canceled drawing. 

Voided numbers are those for which drawings have not been released 
and which circumstances make unnecessary. These should be marked 
“Void^^ in the numbers book affected, mth date and authorizing signa- 
ture entered in the “Remarks^’ column. Canceled numbers are those for 

f 
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which drawings have been released but which are no longer required. 
These are marked ^ 'Canceled^’ in the numbers book affected, with the 
date and drawing change effecting cancellation shown under ^'Remarks.” 
Voided and canceled drawing numbers should not be reissued to another 
drawing but can be reinstated for a drawing bearing their original title 
and model designation. Canceled drawings require a drawing-change 
notice, as explained in Chap. 12, and changes to remove the canceled 
drawing's requirements must also be made on all next assemblies af- 
fected. 

The numbers clerk should receive written notification on all canceled 
and voided drawing numbers. This notification should always state 
the superseding number (or note that there is none) and originate with 
the supervisor responsible for the cancellation or voiding. The supersed- 
ing number is entered in the ^ ^Supersedes” column of the relevant num- 
bers book and prefixed with Thus: ''By 12 — 1234.” 

DRAWING-NUMBER CHANGES 

Drawing-number changes require approval of the chief draftsman, 
and the numbers clerk should receive written notification of all changes. 
Since considerable expense and confusion may result from drawing- 
number changes, they should be avoided whenever possible. Records 
maintained by the manufacturing, sales, accounting, and other depart- 
ments are based upon drawng numbers, and all must be changed when- 
ever a number is altered. 

Parts may be drastically redesigned without changing their drawing 
number if the new design is completely interchangeable with the original 
part. To be completely interchangeable it must be possible to replace 
the origmal part with the new" design without the necessity of cutting, 
bending, filing, drilling (except back-drilling to pick up existing rivet or 
bolt holes in the attaching structure), or other alterations. 

Under no condition should the dra^ving number be changed when 
new usage is found for an existing part. This condition frequently oc- 
curs during the design of new models or products when it is found that 
some existing production parts can be incorporated in the new design 
without change. When an existing part can be used mth slight modifi- 
cation or alteration, a new drawing is prepared and assigned a new 
number. In these cases it is customary to place a note “Similar to (dwg. 
no. of existing part)” on the new drawing to assist the tooling and manu- 
facturing-planning departments. 

In general, a new drawing under a new drawing number should be 
prepared only when a part or assembly is so changed that (1) perform- 
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ance or durability is affected to such extent that the superseded parts 
must be discarded for reasons of safety, unsatisfactory functioning, or 
standardization or (2) dimensional interchangeability of parts, sub- 
assemblies, or complete articles is affected. 

Some companies follow the practice of assigning a new drawing num- 
ber when radical material changes are made. This procedure cannot be 
recommended unless interchangeability is also affected as the drawing- 
change letter is sufficient identification for all records maintained in the 
factory. From a use standpoint it is not important whether the part is 
an aluminum-alloy forging or a steel weld assembly if both designs per- 
form the required function and are dimensionally interchangeable. 

LEFT- AND RIGHT-HAND OPPOSITE PARTS 

The expression “left- and right-hand opposite, with reference to 
detail parts, assemblies, or installations, means that one is the mirror 
image (exact reverse) of the other. Both may be installed on the same 
side of the completed article. Considerable drafting time can be saved 
by preparing a dra\ving only for the left-hand version and adding suita- 
ble suffixes to the basic drawing number to provide separate identity 
for each form. 

The following methods of distinguishing between left- and right-hand 
opposite parts are in general use: 

a. The basic drawing number indicates the left-hand version, and a 
— 1 suffix is added to identify the right-hand form. Many western and 
central manufacturing concerns use this method which is employed for 
the specimen drawings shown in Chap. 6. 

h. A — L suffix is added to the basic number to identify the left-hand 
version, and a — R suffix designates the right-hand opposite form. This 
method is used by many eastern manufacturers. 

c. A — 1 suffix identifies the left-hand version, and — 2 the right-hand 
opposite, a system used on Army-Navy Aeronautical Standard draw- 
ings and recommended in Army-Navy Aeronautical specification 
AN — D — 12 for drawings of aircraft parts. 

d. Drawing numbers are assigned in pairs, such as 130421 and 130422, 
with the odd number (130421) identifying the left-hand part and the 
even number (130422) its right-hand opposite form. When a right-hand 
opposite form does not exist, the even number remains unused. 

Irrespective of the method of distinguishing between left- and right- 
hand opposite parts, a suitable notation must appear adjacent to the 
title block, calling attention to existence of a right-hand opposite ver- 
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sion. A drawing number of 15 — 1234 being assumed and use of — 1 for 
the right-hand part, the following notation is customary: 

15—1234 LH SHOWN 
15— 1234— t RH OPPOSITE 

Similar notation should be employed with other methods of identify- 
ing opposite-hand parts. In no case should the drawing title indicate 
that the left-hand version is the one drawn, as complete information 
cannot be given in the title, and duplication of partial data may lead to 
confusion. When an assembly is noted where the left-hand form is 
shown and the right-hand is opposite, care must be used to insure that 
aU detail parts are drawn for the left-hand assembly and noted as being 
opposite for the right-hand. 

When very minor differences exist between the left- and right-hand 
versions of a part (such as a cutout in the right-hand version only), it 
is possible still to use a single drawing for both ‘hands.” In this case a 
separate view is shown of the affected area of the right-hand form and 
noted as “RH Only.” This practice should be used mth caution, however, 
as it is easy to become involved in complications that confuse the manu- 
facturing departments and cause costly scrap and rework out of propor- 
tion to the expense of preparing a separate drawing for the similar rightr 
hand part. In such cases the notation adjacent to the title block be- 
comes (assuming the conditions specified in the preceding example) : 

15—1234 LH SHOWN 

15—1234—1 RH OPPOSITE AND NOTED 


NUMBERS FOR PURCHASED PARTS 

Drawings should not be made or company drawing numbers assigned 
to purchased parts unless the part is altered for company use. In such 
cases a drawing must be made to show the alteration required, and a 
company drawing number assigned. See Fig. 7 :4 for specimen drawing 
of a modified purchased part. It should be observed that a note ap- 
pears on the drawing, specifying the following information : 

(Part number, name, and quantity required) 

COMMERCIAL PRODUCT EQUAL TO AND INTERCHANGEABLE WITH 
CManufact urer’s name and catalogue number, if any) 

ALTERED IN ACCORDANCE WITH THIS DRAWING 


When commercial and/or patented articles are used exactly as pro- 
duced by their manufacturer for commercial use or as specialties for the 




Fig, 7. ‘4. — Identification of modified purchased part. 
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purchaser, their manufacturer’s name, address, and identif 3 dng number 
should appear as a call-out on the drawing showing the assembly or in- 
stallation of the article. Parts, such as bolts, pipe fittings, and machine 
screws, that have been commercially standardized by a recognized so- 



Fig. 7:5. — Identification of commercial part. Quantity required can be omitted wben 

bill-of-material used. 


ciety or association do not require the manufacturer’s name and ad- 
dress and should be noted on drawings as 

(Name of article, size, and quantity required) 

COMMERCIAL STANDARD 


Parts made by one or more manufacturers that have not been com- 
mercially standardized but may be used interchangeably, such as elec- 
trical parts, belts, and bearings, should be called out on drawings as 

(Part number, name, and quantity required) 

COMMERCIAL PRODUCT EQUAL TO AND INTERCHANGEABLE WITH 
(Manufacturer’s name, address, and catalogue number showing article) 


See Figl 7:5 for a specimen drawdng showing this condition. 
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Parts made by one or more manufacturers, but where a portion of the 
article must conform to a certain specification should be identified on 
drawings similar to the following example: 

7361— L SWITCH 2— HEQ. 

COMMERCIAL PRODUCT WITH LUMINOUS MATERIAL ON TIP CON- 
FORMING TO SPEC. 63 — ^ EQUAL TO AND INTERCHANGEABLE WITH 

BUSCH MEG. CO., HARTFORD, CONN., CATALOGUE 26B 

When a commercial part is used in several places on a drawing, it is 
advisable to place an item number enclosed in a triangle at each call- 
out and show a note on the drawing to identify the item number. This 
avoids placing complete identification at each place where the commer- 
cial part is called out. 

REPORT NUMBERING 

All reports, specifications, and similar documents prepared in the 
engineering department require identifying numbers. Various schemes 
have been devised for report numbering, including elaborate coding to 
indicate the nature of the document. Unless careful planmng that 
traces each possible condition to its ultimate conclusion is used in pre- 
paring these schemes, complications and contradictions will arise during 
emplojrment of the numbering system. 

The prime purpose of a report number is as a means of identifying 
and filing the document, and it is recommended that simple consecutive 
numbering be employed. Report numbers then begin at for the 
first report issued and are assigned in consecutive order, regardless of 
the nature of the document. When several divisions of a company are 
involved, a letter prefix should be used to identify reports originating in 
each division, such as '‘E — 10/^ — 72” and ^ W — 203.^^ 

When several variations of a certain report are required, a related 
series of reports to be issued, or alterations of a prime specification de- 
sired, a basic number can be assigned to designate the group and each 
individual report identified by a dash number. Thus: “Report 203 — 1,’' 
“203—2,’’ “203—3,” etc. 

Report numbers are issued by the numbers clerk in the same manner 
as drawing numbers. A report-numbers book is maintained, using a 
procedure similar to that for the drawing-numbers books. A suitable 
report-numbers book form is shown in Fig. 7 : 6, which lists the following 
information: 

Page No. All pages of the numbers book are consecutively numbered. 

Report Nos. Eirst and last basic report number appearing on page are listed. 
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Fig. 7 : 6. — Numbers book used to record report-number assignment. 
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Division. Used when company has more than one operating division. 

Report No, Number assigned to report. Basic number is entered on first line only 
when page is used for dash-numbered reports. 

Dash No, Used when dash numbers identify related reports. One page is estab- 
hshed for each basic number. 

Title. Complete title assigned to report. 

Basic Model. Model or models affected by information contained in report. 

Supersedes. Number of report superseded by new report. At the entry for the 
superseded report a notation of *^By (new report no.)’’ is made. 

Remarks. Used when report is voided or canceled and for other pertinent informa- 
tion. 

Date Issued and No. Clerk. This dual-entry space provides for date when report 
number is issued and for initials of clerk assigning number. 

Issued to and Group. Person assigned the report number and his engineering group. 

Release and Kind. The report release date is entered when completed and cleared 
through release system (see Chap. 14). The method of reproducing the report 
(blueprint, ditto, photo-offset, etc.) is entered in the lower half of this dual-entry 
space. 


SUMMARY 

The information contained in this chapter can be briefly summarized 
as follows: 

a. Each drawing must be assigned a number. This number is not only an index 
number for filing and recording the drawing but also the part number of the article 
described by the drawing. 

h. Various drawing-numbering systems are in use. Some attempt to identify the 
drawing’s nature by its number; others provide only a serial number for the drawing. 
The latter method is considered preferable, for its application is simple, and mistakes 
are less likely. 

c. The establishment of a practical, efficient procedure to effect the issuance, re- 
cording, cancellation, and control of drawing and report numbers is vital to efficient 
operation of the engineering department. 

d. A responsible member of the engineering department should be designated as 
“numbers clerk” to maintain numbers books for all drawings and reports. All draw- 
ing and report numbers are issued by this clerk. One copy of all new and changed 
drawings and reports are routed to the numbers clerk to permit correcting the books 
on new releases and revising requirements on change releases. 

e. Drawing numbers are not changed after release of the drawing unless subse- 
quent changes affect interchangeability or the original part is found unsatisfactory. 

/. One drawing can describe two parts when these are left- and right-hand opposite 
forms. A suitable suffix (such as “ — 1”) is added to the basic drawing number to 
identify the right-hand opposite version, but a drawing is not made for this part. 

g. Drawings are not made of and drawing numbers not assigned to purchased parts 
except when alterations are required before the part can be used. 

h. Report numbers are assigned in numerical sequence beginning with “1” for the 
first report issued. Dash numbers may be suffixed to the basic number to identify 
related reports. 



CHAPTER 8 

DRAWING FORMS AND 
TITLE BLOCKS 


A variety of drawing forms and title blocks are in use^ but the ma- 
jority can be grouped into two general classifications. Drawing forms 
are generally based upon multiples of either 83^ by 11 in. or 9 by 12 in. 
Title blocks are either used with a separate bill of material or arranged 
for listing materials directly upon the drawing. 

Drawing forms based upon multiples of by 11 in. are considered 
preferable as their prints are readily stored in standard letter-size filing 
cabinets. Also, standard mailing envelopes readily accommodate prints 
of this size. This is the arrangement listed as preferable in Army-Navy 
Aeronautical specifications AN — D — 12 and AN — D — 13, governing the 
preparation of drawings for aircraft, engines, and accessories. 

A separate bill of material is considered preferable to the method of 
specifying materials directly upon the drawing. Many manufacturing 
groups have little need for actual drawings but are primarily concerned 
with the information contained in a bill of material. These activities 
can be furnished copies of the bill of material only, with considerable 
saving. Another consideration is that revisions to the materials list may 
frequently cause redrawing when the list is placed directly upon the 
tracing. When a separate list is used, the bill of material can be revised 
and reissued without reissuance of the drawing. This may save several 
hundred square feet of blueprint paper when a large drawing is involved. 

DRAWING FORMS 

Drawing forms, for the purpose of this discussion, are the standard 
size and arrangement of sheets used for preparation of drawings. 
Whether the drawings are made upon paper, cloth, or metal, the basic 
considerations are the same, and the choice of material has no bearing 
upon their arrangement. The preferable standard drawing sizes are 
listed m the table following. All except the roll-size drawings should be 
available as printed forms, complete Avith title block and border. Roll- 
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size drawings are prepared by cutting a suitable length of tracing 
medium from its roll and impressing the title block thereon with a 
rubber stamp. 


Size symbol 

Size in inches 

Letter 

JSTo. 

1 

A 

1 

83^ X 11 

B 

2 

11 X 17 

C 

3 

11 X 34 

D 

4 

17 X 22 

G 

5 

22 X 34 

R 

6 

36 X 144 (max.) 


See Fig. 8:1 for recommended arrangement of these drawing forms. 



The size symbol is used by Release and engineering file records for 
rapid identification of drawing sizes. It is desirable that the maximum 
width of roll-size drawings is limited to 36 in., and filing and printing 
these drawings is simplified by standardizing upon a 36-in. width for all 
roll-size drawings. The length of roll-size drawings should be limited to 
144 in. "VlTaen longer drawings are required, they should be prepared as 
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sets comprising two or more sheets, each bearing the same drawing num- 
ber and having notations of “Sheet 1 of 2/^ “Sheet 2 of 2,” etc., placed 
below the drawing number. 


Zoning of Drawings 

All roll-size drawings should be provided with vertical zoning to per- 
mit rapid location of items listed on notices of change and bills of mate- 
rial. Large or complex drawings should also provide vertical zoning in 
order to facihtate further the location of specific drawing areas. 

Horizontal zoning is accomplished by dividing the lower border of the 
drawing into zones of 11 in. each, beginning with the right-hand border 
as “zone 0” and numbering toward the left. Each zone is marked w th 
the proper numeral (except zone 0), placed in a }^in. square parallel to 
and coincident with the lower border line (see Fig. 8:2). 



Letters should be used for vertical zoning, beginning with the lower 
border as the reference point and continuing toward the top. Each 
zone is in. wide and marked with the proper letter placed in a J^-in. 
square as shown in Fig. 8:2. The first zone is identified by the letter 
Aj and zone designation continues in alphabetical order. 

The zoning corresponds to the folding of prints, being in increments 
of 11 and 8J4 in., to facilitate rapid location of zones when unfolding 
prints. When prints are folded to another size, such as 9 by 12 in., the 
zone spacing should be altered accordingly. 
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The zone system can be utilized for the location of (1) part call-outs 
on bills of material, (2) change items on notices of change, (3) cross- 
referencing sectional cutting planes with the location of the section, and 
(4) cross-referencing drawing views with the location of the enlarged 
detail view. In the case of sections and views it is customary to place 
the zone number of the area in w^hich the section or enlarged view is 
located adjacent to the cutti ng p lane or view circle and enclosed in a 
)4-in. square. Thus, “A — A can indicate that the corresponding 

section will be found in zone 3; |“7 ~j ’’ signifies that the corresponding 

enlarged detail view is located in zone 7. At the location of the actual 
section or detail \fiew the zone location of the corresponding cutting 
plane or view circle should be showm following the call-out. Thus, if 
the cutting-plane of section A — A is l ocate d in zone 5, the call-out at the 

sectional view will be “Section A— A 5 This system provides posi- 
tive means of cross reference for section and detail views and their cor- 
responding locations in the body of the drawing. 


TITLE BLOCKS 

The drawing title block should show the company name and address; 
drawing title, number, and date; heat-treatment; finish; material and 
material specification; names of draftsman and checker; dravdng num- 
ber of next assembly using the part; scale; and tolerancovS. These are 
minirm^TYi requirements as established by Army-Navy Aeronautical spec- 
ifications AN — D — 12 and AN — D — 13. In actual practice additional 
information is required fully to implement usage of the dramng. 

All drawings should show the drawling number in two locations as an 
aid to filing. The drawing number should appear in the normal title- 
block location in the lower right-hand corner of the drawing and be re- 
peated in a space 34 by 2 in., in the locations and manner shown in 
Fig. 8:1. On roll-size drawings the number should also be repeated at 
both ends of the drawing so that it can be seen without unrolling the 
drawing. These numbers should be placed at opposite comers on the 
reverse size of the drawing, near the. margins of 6~in. wide protector 
strips provided as part of each end of the tracing. Use of these protector 
strips requires simply that the length of tracing medium be 12 in. longer 
than actually needed for the drawing. It will be foimd that the pro- 
tector strips largely eliminate marginal fraying and soiling of the draw- 
ing. 
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TITLE BLOCK INCORPORATING BILL OF MATERIAL 


Figure 8:3 shows a title block providing for both a bill-of-material 
and drawing-change record. This block measures approximately 33^ by 



Fig. 8:3, — Drawing title block providing a bill-of-material. 


lOJ^ in. and provides all information normally required for production 
drawings in the following manner: 

Change Block. Located at the left end of the title block for recording drawing 
changes. Columns provide for change letter, nature of change, date, draftsman's 
signature, and approval signature. When a notice of change is used, the “Change” 
column is not necessary. 

Requirements 'per Assem., Requirements per Unit, Next Assembly, and Model. This 
^^model-requirements” block lists next assembly drawing numbers for each model 
affected by the drawing. Quantities required of the part described by the drawing 
are indicated, both for the next assembly and for the complete article. 

Replaces and Replaced by. Filled in with either the word “None” or the drawing 
number involved. 

Dwg. Area in Square Feet Entered by release group before sending new drawing to 
Blueprint. 

Actual Weight and Calculated Weight. Entered by weights group. Calculated weight 
listed when drawing is released; actual weight added after part is made. 

Issue Date. Issue date is stamped on prints by Release prior to distribution. 

Issue No. Entered by Release prior to distribution of prints. 

Part No., No. Required, Size, Description, Specification, and Zone. The strip in the 
top, right-hand portion of the block provides columns for the bill of materials. If 
a detail drawing, the one line is sufficient for material data, and the “Part No.” 
space is crossed out. If an assembly drawing, the columns are extended upward 
sufficiently to provide a %6-in. wide line for each part. One item is entered on 
each line, using the “Part No.” column for identifying each. 

Finish. Nature of paint, plating, or other protective finish required. If a company 
finish specification is prepared for the completed article, its number alone is suf- 
ficient. 
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Heat-treat. If part requires heat-treatment, the necessary data are given together 
with, applicable specification nximber. 

Name and Address of Company. Printed in oblong space directly below the “heat- 
treat^’ block. 

Dwg. Title. Entered in oblong space directly below name and address of company. 

Tolerances, Comer Radii, and Surface Finish. Selected to meet needs of the company. 

Scale. The scale of the drawing appears here. 

Classified Daia Block. Located directly above the signature block. Produces white 
oblong on blueprints for stamping prints of classified drawings as ^‘Secret’’ or 
“Confidential.” Proper security classification is also printed in space above block. 

Signature Block. Provides for signatures and dates by draftsman, checker, project 
engineer, customer, and chief engineer. 

Latest Change. Current drawing-change letter is entered with pencil. Erased and 
changed for each drawing revision. A slant line is used when there are no changes. 

Tool No. Special tools required to manufacture part are listed here, such as jigs and 
fijctures. If space is not adequate, place “Noted” here and list on drawing. 

Opposite Hand. If the part shown exists in a right-hand opposite form, the part 
number of the opposite hand is entered. If no opposite hand, enter “None.” 

Dwg. No. Entered in oblong space directly below “Opposite-hand Space,” prefer- 
ably with a numbering stamp. 


Stock Size of MatbriajjS 

The drawing title block shown in Fig. 8:3 and the specimen bill of 
material shown in Fig. 8:5 provide spaces for indicating ‘‘size^’ and 
^ ^description’^ of materials. Size is the raw-stock dimensions to which 
the material is cut prior to manufacture of the part. Description is the 
form of material to be purchased. 

The dimensions shown in the size space should always be raw-stock 
dimensions unless otherwise noted on the drawing and should not re- 
peat dimensions given as part of the description. The first dimension 
should always be stock length, and the second should be stock width. 
Stock thickness is normally specified in the description space. In the 
case of rectangular bar-stock, thickness and width are specified in the 
description space. The abbreviations SW for stock width and SL for 
stock length are unnecessary and should not be used. 

The statement in the title block shovm in Fig. 8:3, to the effect that 
'^material size includes stock allowance,” means that all size data in- 
cludes stock for machining and trimming during manufacture of the 
part. This permits the material-control department to order sufficient 
material by simply multiplying the material required for one part by 
the quantity of parts involved. To insure uniform raw-stock allowances 
it is necessary to establish standard manufacturing allowances and make 
certain that these are uniformly applied to each drawing. The follow- 
ing stock allowances will be suitable in a majority of cases: 
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a. Sheet and Plate Stock. Calculate the width and length of a square or rectangle 
that will enclose the fiat pattern of the part, and add 3^ in. to each dimension to 
obtain stock width and stock length. 

Note: Add 3 in. to normal stock dimensions of parts that are formed by dravnng 
on drop hammer or mechanical press. 

h. Tubing. Add in. to the actual length to obtain stock length of tubes having 
square ends; add 1 in. for each angle cut or profiled end. 

c. Bar, Square and Rectangular. Add 3^2 iii* to all sides requiring machining. 
Add in. to the actual length to obtain stock length for bars having a width less 
than 2 in. ; add 34 for bars having a width of 2 in. or greater. 

d. Rod and Bar, Round and Hexagon. Add 3^2 iot. to diameter or across flats if 
machining is required. Add in. to the actual length to obtain stock length for 
bars less than 2 in. in diameter or across flats; add 34 in* for bars 2 in. or greater. 

e. Lumber. Add 34 in- to width and thickness of all parts made from lumber to 
obtain stock sizes. Add 34 in. to the actual length to obtain stock length of parts 
having a maximum width or thickness less than 2 in. Add 34 in. for parts 2 in. or 
greater. 

Note: The ^‘length” of lumber is always the dimension along the grain. The 
width of lumber is always the dimension across the grain, regardless of how the 
piece is cut from the board. 

f. Plywood. Calculate stock width and length as described for sheet stock in 
subparagraph a. 

g. Welded Spacers. Increase the stock length of welded spacers that require 
machining of the ends after welding by adding 34 in. to the length desired after 
machining. Show the finished length on the assembly drawing. 

When material size and description are properly listed, the title-block 
or bill-of-material entries will appear similar to the following: 


Size 

Description 

Specification 

Noted 

Aluminum alloy casting 

AN— Q<3— A— 366 

Noted 

Aluminum aUoy forging 

FED— QQ— A— 367 Class 1 

m X 3^6 

0.072 CM steel sheet 

AN — QQ — S — 685 Condition A 

12% 

54 OD X 0.035 X 4130 steel 
tube 

Commercial 

4K6 X 2% 

0.051 Aluminum alloy 24S0 
sheet 

AN — A — 12 Condition A 

14%6 X 2 

54 Douglas fir 

j AN— F— 7 

9K6 X 4% 

346 phenolic sheet 

Navy — 17P5, tjrpe FBG, Form 

3, color natural 

— 

Make from 73—20137 



— 

Purchased part 



The entry '^Make from (part no.)’^ is used when the required part can 
be manufactured from an existing raw casting or forging or when it can 
be produced by reworking a standard part. 
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When space does not permit placing the complete description or 
specification in the area provided, the word “Noted'^ should be used. 
Complete data will then appear as a note on the drawing or in the 
^'Hemarks” space of the bill of material for drawings having a separate 
materials list. 


Quantity Required and Next Assembly 

The quantity entered in the '^Required per Assembly^' column of the 
model-requirements block is the amount of the part used on the listed 
next assembly. The figure entered in the ''Required per Unit” column 
is the total required for the complete article. When the part has more 
than one next assembly, all are listed, together with the quantities re- 
quired for each. For instance, let us assume that part 207800 is used 
twice on next assemblies 509000, 507100, and 609101. Assemblies 
509000 and 507100 are used twice in the complete article, whereas 
609100 is used but once. So the quantities shown in the "Required per 
Unit” column are four for 509000 and 507100 and two for 609100. The 
quantity entered in the "Required per Assembly” column is twm in each 
case. 

The sum of the requirements per unit for a given model will always be 
the total quantity of the part required for one complete article. In the 
preceding example, ten of part 207800 are required for each complete 
article. 

When the part is used on more than one model, the total requirements 
for each model must appear in the title block. These requirements are 
entered in an orderly manner, with the requirements for each model be- 
ing grouped on successive lines of the model requirements space. Thus: 


2 

2 

501234 

0—53 

2 

2 

501234—1 

1 

2 

506785 

3 

6 

503456 

AS— 4 

2 

12 

504567 

2 

2 

509001 

1 

4 

507101 

Req. per 
assem. 

Tteq. per 
unit 

Next 

assem. 

1 

Model 
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The model designation need be shown but once for each group of 
requirements, as illustrated above, and heavy lines used to separate 
the groups. 

When the part exists both in left- and right-hand opposite forms and 
both are detailed on the same drawing, with a drawing number suffix 
used to identify the right-hand opposite version (see Chap. 7), it is 
necessary to show requirements for both ^ffiands’’ in the model-require- 
ments space, similar to the following example: 


2 LH 

2 RH 

4 LH 

4 RH 

601732 

L— 37 

2 LH 

2 LH 

501234 

0—53 

2 RH 

2 RH 

501234—1 

1 LH 

2 LH 

506785 


Adding Model Requirements on Drawings Used for 
Several Models 

Considerable drafting time can be saved by using parts designed for 
one model upon another by simply calling out the existing part where 
needed and then adding model requirements to the drawing of that part. 

However, confusion will result if the new model requirements are not 
immediately added to the drawing. It is the responsibility of the per- 
son calling for an existing part on a drawing of another model to either 
(1) immediately add the new model requirements to the drawing as a 
change or (2) issue an advance drawing change to add the model re- 
quirements. An individual ADC must be written for each drawing 
affected. 

Immediate action to add requirements is important, for it is useless 
to call out an existing part on a new model imless the drawing of the 
part involved is changed to add the new model requirements and thus 
authorize manufacture of the parts required. 

Heat-treatment Information 

Various methods can be used to specify the desired heat-treatment, 
but the most practicable scheme is one that specifies the physical condi- 
tion required in the finished, heat-treated part. When this method is 
used, a notation similar to one of the following is placed in the title- 
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block "‘Heat-treat’’ space for drawings of aluminum allot/ sheet) rod) or 
har parts requiring heat-treatment: 

H.T. TO 17ST H.T. TO 17STAL H.T. TO 24ST H.T. TO 24STAL 
(applicable (applicable (applicable (applicable 

specification) specification) .specification) specification) 

This assumes, of course, that the parts are to be fabricated from 
aluminum alloys 17SO, 17SOAL, 24SO, or 24SOAL, as is normally the 
case. 

Drawings of aluminum alloy forgings or castings that require heat- 
treatment should bear a notation similar to the following in the “Heat- 
treat” space: 

H.T. AT SOURCE 
(applicable 
specification) 

All drawing of steel parts that require heat-treatment should specify 
minimum and maximum tensile strength for the fimshed part, using a 
tolerance of 20,000 psi. Thus: 

H.T. TO 125—145,000 PSI 
(applicable specification) 

Use of this simple, workable tolerance for production heat-treating 
avoids listing elaborate specifications and heat-treat process notes. 

Springs cold-wound from hardened wire require strain relief after 
forming, and this should be specified as “Strain Relieve after Forming” 
in the “Heat-treat” space. Drawings of springs tempered after forming 
should specify “Spring Temper.” 

Steel parts requiring surface hardness rather than heat-treatment to 
improve the tensile strength should specify this requirement in the fol- 
lowing manner: 

HARDEN BY (method)— DEPTH (as required) 

ROCKWT^T.T. C (required hardness with 10-point tolerance) 

(appKcable specification) 

When a definite minimum and maximura core strength must be main- 
tained in combination with a hard surface, it is necessary to specify also 
the core tensile strength, subject to a tolerance of 20,000 psi. 

Sometimes it is not desirable to harden the entire surface of a part. 
When this is the case, the drawing should clearly note the surfaces to be 
hardened. This practice, however, greatly increases the cost of the part 
and should be avoided whenever possible. 
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Scale of Drawings 

Drawings are preferably made actual size and should be to scale 
within M 2 Dimension figures should be heavily underlined when 
subsequent drawing changes make them out of scale. Drawings badly 
out of scale, so that the “picture’^ is distorted, should be corrected or 
redrawn. 

Enlarged drawings, views, or sections are made when the full or 
actual size is so small or crowded that the drawing is not clear. En- 
larged drawings of detail parts should show (usually in the upper left 
comer of the drawing) a full-size view of the object, without dimensions 
and marked '^Actual Size.^’ This avoids confusion and permits immedi- 
ate understanding of the part’s relative size. 

Reduced-scale drawings are frequently made of large parts that can 
be clearly shown in a smaller scale, or reduced-scale drawing may be 
made wdth actual-size views or sections of complicated portions. All 
views and sections that differ in scale from the main drawing should be 
clearly indicated, and the scale for each shown. 

All drawings must show the scale in the space provided in the title 
block. Preferred notations are “Full,'' “Double," “Half," and “Quar- 
ter," or 1/1, 2/1, 1/2, and 1/4. When views and/or sections differing in 
scale from the main drawing are used, the notation “And Noted" should 
be added to the scale shown in the title block. The correct scale is then 
shown under each view and section that differs in scale from the main 
drawing. 


TITLE BLOCK FOR SEPARATE BILL OF MATERIAL 

The specimen title block shown in Fig. 8:4 is intended for use with a 
separate bill of material and is similar to that shown in Fig. 8:3 except 
for deletion of the materials information space. It should be noted that 
this block uses a notice of change for each drawing revision and does 
not provide space for information regarding the nature of the change. 
Spaces are provided for additional checking and approval signatures, 
and the drawing title space has been expanded by sacrificing certain 
minor data shown in the block at Fig. 8:3. 

A separate biU of materials is used for each drawing, including all 
detail drawings. Although this method involves additional printing 
and distribution during each drawing release, its users claim that this 
disadvantage is offset by the fact that the accumulated bills of material 
form a master-parts list for the article without need of additional work. 
It is always desirable to have a master-parts list for each complete 
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article (see Chap. 14); and when the bill of materials is an integral 
part of the drawing, this document must be separately prepared and 
issued. 



BELL OF MATERIAL 

The bill of material shown in Fig. 8:5 is printed as by 11- and 
11- by 17-in. forms, on both bond and tracing papers. The Raftsman 
prepares the bill of material on a bond-paper form in longhand. This 
is forwarded to Release with the drawing. The release group subse- 
quently types the corrected and approved bill of materials on an identi- 
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cal tracing-paper form, so that it may be printed on the margin of each 
print, similar to the notice of change. 

The bill of material may be changed and reissued without the neces- 
sity of changing and reprinting the drawing. When this occurs the 
drawing and its bill of material will bear different change letters. T6e 
bni-of-material change letter is not entered in the ^^change-letter” space, 
but the word “Noted” is placed there. The first item under “Remarks” 
then shows the bill-of-material change letter and the corresponding 
drawing-change letter. Thus: “D Change B/M — Use with B Change 
Print.” 

Separate changes on the bill of material and its corresponding draw- 
ing are quite satisfactory when accurately checked and controlled but 
can cause expensive errors when improperly regulated. For this reason 
some engineering departments using a separate bill of material handle 
it as though it were an actual, physical part of the drawing. A change 
on the bill of material alone then requires a drawing notice of change, 
with addition of the next change letter to both drawing and bill of mate- 
rial. Conversely, a change on the drawing alone requires addition of 
the next change letter to the bill of material and reissuance of that 
document. In this manner, both drawing and bill of material always 
bear the same change letter. 

Entry of a majority of the bill-of-material information is obvious 
upon inspection, and the following information wall clarify items that 
may appear doubtful: 

Date Issued. Filled in by Release when bill of material is released to Blueprint. 
Signature Block. Copied by Release from original signatures appearing on bond 
copy of bill of material. 

Next Assembly Block. Identical with data in drawing title block. 

Effective On. Enter here the production serial numbers for which the parts are 
released. 

Remarks. Used for necessary comments and data and for B/M change letter when 
different from that on drawing. 

^‘Replaces” and ^'Replaced by.” Should always be filled in with either the word 
'‘None’' or the drawing number involved. 

Job No. Filled in by Release group. 

Line No. Not used. 

Part No. Part numbers of component parts of the drawing are listed numerically 
in the following sequence: 

Dash numbers 

Company basic drawing numbers 
Company standards 
Government standards 
Vendors numbers and others 

If the dash number relates to the drawing being listed, it is sufficient to show the 
dash number alone. If of another drawing, the complete number must be entered 
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and in the basic numbers group. A space of one full line should remain blank 
between each group of parts. The “Part-number’^ space is divided into two spaces 
to provide for showing left- and right-hand dash numbers. Always place the left- 
hand dash number in the upper space. Leave the lower space blank if there is 
no right-hand dash number. 

Part Name. list here the significant portion of the part name. It is not necessary 
to give the complete name, sufficient to establish only identification. 

Requirements. Enter here the quantity required for one assembly. The require- 
ments spaces are divided in the same manner as the part-number spaces, to pro- 
vide for listing individual dash-number requirements for left- and right-hand 
assemblies. If the assembly does not have a right-hand version, list all require- 
ments in the “LH” column. 

Materials. List here the material required for dash-nximber parts (or for the part 
shown if B/M is for a detail part) in the manner described elsewhere in this chap- 
ter. Do not repeat raw-stock dimensions in the “Size'’ column. 

Zone. Filled in for roll-size drawings to give zone location of each part call-out. 
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Fig. 8:5. — Separate bill-of-material used with title block shown in Fig. 8:4. 


The bill of material prepared for a detail part is very similar to that 
prepared for an assembly. Place the part number (and — 1 if applica- 
ble) and name on the first line of the form. 




















CHAPTER 9 


DRAWING RELEASE 


The function of the release group within an engineering department 
is to obtain required authorization, checking, corrections, and approval 
of all drawings before prints are released to the manufacturing depart- 
ments. After the drawing is processed, prints are obtained and for- 
warded to the correct destinations. Records maintained by the release 
group show the status of each drawing and the location of each print. 


BASIC DRAWING-RELEASE PROCEDURE 

The basic step-by-step operation of the drawing-release procedure is 
shown in Fig. 9:1. Each completed drawing is given by^the draftsman 
to his group supervisor, who checks new drawings for functional design 
and changed drawings for correct execution of the change. Drawings 
meeting with the supervisor’s satisfaction are forwarded to the release 
group for processing through the checking and approval system. Each 
drawing is recorded and forwarded to the engineering checking group, 
which checks for (1) production design, (2) accuracy of change incorpo- 
ration and dimensional exactness, (3) correctness of material and process 
data, and (4) conformance to drafting standards. Incorrect drawings are 
returned to the draftsman. When all errors are corrected, each drawing 
is signed by the checker and returned to Release for forwarding to the 
special checkers. 

These special checkers usually include stress analysts, who examine 
each drawing to insure that all parts have necessary strength, and 
weight engineers, who ascertain the weight of each part and make cer- 
tain that no part is heavier than necessary for the required strength and 
rigidity. A production engineer may check each drawing to determine 
the practicability of manufacturing the parts. A tool engineer may 
examine the drawings to make certain that the design does not require 
unnecessarily complicated tooling. 

The number and variety of special checkers is governed by the nature 
of the product to meet the needs of the engineering department. Draw- 
ings are returned to the release group by each special checker after the 
required corrections have been made. Release forwards each to the 
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next special checker and records the location of the drawing in the sys- 
tem. 

After final check the drawings are forwarded for engineering approval. 
This is usually a function of the chief project engineer or chief engineer 
with new drawings and of the chief draftsman or project engineer Avith 
changed drawings. The release group obtains the necessary quantities 
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Prepares drawing 
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Record drawing and 
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subsequent processing 

Checks drawing or 
change.. Approves 
when correct. 


As required by 
nature of article 


Drawing ready 
for release 
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release records 

Prints to engineering 
fife and to other de- 
partment as required 


Fig. 9;l. — Flow chart of basic procedure for releasing engineering drawings. 


and kinds of prints from each approved drawing, forw^ards these prints 
to their destinations, and sends the drawing to engineering files. Rec- 
ords maintained by Release show the destination of each print and the 
fact that the drawing was released. 

TYPES OF DRAWING RELEASE 

The release procedure will vary somewhat according to the nature of 
the dra\ving. There are three basic functional types of drawings pre- 
pared in an engineering department: (1) layout drawings, (2) test draw- 
ings, and (3) manufacturing drawings. Layout drawings define basic 
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structural or mechanical designs and serve as the basis of subsequent 
manufacturing drawings. Only in rare cases are other than engineering- 
reference prints made from layout drawings. Because these serve as the 
basis for future manufacturing drawings, positive control must be main- 
tained to insure that all layout drawings are properly checked, approved, 
and recorded. 

Test drawings are prepared when it is d^ired to make a mechanism 
or structure for functional-test, structural-test, or mock-up purposes. 
The release of these drawings varies only in that the required prints are 
few in number and should bear special identification in order to preclude 
the possibility of their use for manufacturing purposes. This can be 
readily accomplished by prefijong the model designation with ST, sig- 
nifying “special test/’ 

Maniafacturing drawings form the large majority of the drawings re- 
leased by an engineering department. They are prepared to provide 
manufacturing instructions for parts to be assembled to form complete 
articles, including production, experimental, spare, and service units but 
excluding tests and mock-up parts. The detailed release procedure is 
practically the same, whether the drawing is for experimental or produc- 
tion articles. It is equally important to check and approve both experi- 
mental and production drawings. The release of manufacturing draw- 
ings will be considered first, as the procedures for releasing layout and 
test drawings are simply modifications of the basic procedure. 


RELEASING MANUFACTURING DRAWINGS 

A detail procedure for the release of manufacturing drawings is shown 
in Fig. 9:2. The method shown is used by a large aircraft company 
having an engineering department of over 300 employees and simul- 
taneously working on several models. This plan is adaptable to any 
large engineering department engaged in the design of complex products. 

The control of drawing release actually begins before the drawing is 
prepared, through regulations of drawing numbers. This should be 
established as a fxmction of the engineering-planning group, who then 
maintain master numbers books for each model. As soon as a drafts- 
man ascertains the nature of a new drawing, a number is obtained from 
the numbers clerk in Planning. The numbers clerk determines that the 
draw’-ing title is correct, assigns the number, and issues to the draftsman 
the original copy of a “drawdng-number assignment” shp similar to that 
shown in Chap, 7. A duplicate copy of this form is forwarded to the 
scheduling unit of Planning as notification that work is about to begin 
on the drawing. 
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Record of Drawing Numbers 

The new drawing number and other pertinent data are posted in the 
master numbers book for the model affected. This record is kept on a 
form printed on vellum paper (refer to Chap. 7) to permit daily issuance 
of revised numbers-book pages to the checking group, production plan- 
ning department, and others interested in the preparation of new draw- 
ings. The numbers book shows the models on which each drawing is 
effective. It also indicates if the new drawing will replace an existing 
drawing and notes opposite the existing drawing entry that it will be 
replaced by the new drawing. 

The original copy of the drawing-number assignment slip accom- 
panies the completed drawing to the engineering checking group. The 
drawing is checked against the slip, and both are checked against the 
master numbers book, so that drawing number, title, next assembly, 
and other data are the same as originally authorized by the numbers 
clerk. Discrepancies are investigated and suitable corrections made in 
the record. 


Group Checking Prior to Release 

After the new drawing is completed or the required changes have 
been made to an existing drawing, it is given by the draftsman to his 
group supervisor for checking and approval before it is placed in the 
release system. The group supervisor is responsible for the functional 
correctness of the design shown on a new drawing and for the correct 
incorporation of all change data on a changed drawing. 

JOB-RELEASE PROCEDURE 

Individual drawings are rarely sent through the release system. In- 
stead, groups of related drawings, known as ^^jobs,^' ‘are processed and 
released as units. It is rare that an individual drawing is changed with- 
out affecting other drawings. The one changed drawing is of little value 
to the manufacturing departments unless prints of other affected draw- 
ings are received simultaneously. 

A single new drawing is also of little value to the manufacturing 
departments. An assembly without its details cannot be properly 
planned, nor can materials be ordered. On the other hand, a detail 
without its next assembly is of little value. The material can be ordered, 
but assembly planning and tooling cannot be established, and the manu- 
facturing planning must remain partially completed until the assembly 
print is received. 
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New drawings are ordinarily released in jobs comprising an assembly 
and its details. Changed drawings are released in jobs comprising all 
drawings affected by the change, together with any new drawings in- 
volved. If the change is of considerable magnitude, it is likely to be 
released as several jobs, each comprising a complete group of related 
drawings. In general, it is .good practice to maintain jobs at a maximum 
of 25 drawings. 


DRAWING-RELEASE REQUEST 

When a job is ready for release, the group supervisor prepares a draw- 
ing-release request, listing the drawings involved. Suitable explanatory 
remarks and a schedule of reference data forwarded with the job are also 
shown. These reference data usually comprise layout drawings and 
copies of all engineering orders, advance drawing changes, and change 
requests incorporated in the changed drawings. The following informa- 
tion appears on the typical release request shown in Fig. 9:3: 

Sheet . . . o/ . . . Sheets, Indicates the number of pages comprising the complete 
release request. 

Date, When request was prepared. 

Model, Model or models that drawings are released for. 

Kind of Release, Shows whether regular or rush release is desired. 

Approval for Rush. Chief draftsman’s approval required for rush releases. 

From. Engineering group origiaating release request. 

Elective on. Effective serial number of drawings being released. Drawings effective 
at different production change points cannot be released in the same job. 

Dwg. No. and Breakdown. Marginal indention of the drawing numbers is used to 
indicate the assembly relationship of the drawings listed. 

Name. Only the basic name of each drawing is shown. The word “assemblj)^' or 
^^installation” is added when relevant. 

Remarks and Reference Data. Reference data forwarded with the request is listed 
opposite the relevant drawing numbers. Existing drawings being rereleased with- 
out change except for addition of model requirements are noted as ‘^Add model 
rqmts.” 

Group Leader. Signature of supervisor of engineering group originating the release 
request. 

Separate rele^e requests are made for the new and changed drawings 
forming the job, but both requests and all drawings involved are for- 
warded to the release group as a unit. This is particularly necessary 
when the routing of new and changed drawings is different, as shown in 
Fig. 9:2. Segregating the drawings at the source greatly simplifies the 
release group^s work. Engineering departments where the system rout- 
ing is the same for all drawings should list the entire job on one release 
request. 
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Rush Jobs 

The release request provides the release group with definite authori- 
zation to begin processing the job and also provides a means of approv- 
ing '^rush^^ jobs. There will be occasions when it is important that one 
drawing or group of drawings is processed and prints released to the 
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Fig. 9:3. — ^Drawing-release request, prepared when a Job is ready for release to manu- 
facturing. 


factory as soon as possible. These are handled as rush jobs and given 
preference over all other jobs in the system. The approval of the chief 
draftsmen must appear on the release request to authorize a rush job. 

RELEASE-GROTJP FUNCTIONS 

When the release request with related drawings and data is delivered 
to the release group, the actual processing of the job by the release “sys- 
tem” begins. The work of the release group in handling jobs is divided 
into three prime functions: (1) recording, (2) dispatching, and (3) print 
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distribution. All three functions may be done by one person in a small 
engineering department, whereas a large department will require a chief 
release clerk with lead personnel in charge of each function. 

Each new job delivered to Release is assigned a job number and 
checked against the release request, or requests to ascertain that all listed 
drawings and reference data are attached. 

When the system routing is diSerent for new and changed drawings, 
jobs comprising both new and changed drawings must be split into two 
parts. These are identified by A and B suffixes to the job number. The 
job number consists of the model designation for the article covered by 
the drawings, followed by a serial number. For instance, the specimen 
job ticket shown in Fig. 9:4 covers job 70 — 1635. This indicates that 
it comprises the changed drawings forming a part of the one hundred 
sixty-third job relating to model 70. 

JOB TICKET 

After the job is checked, a job ticket is prepared in triplicate, using 
the form shown in Fig. 9:4 and listing the following information as 
applicable: 

Job Ticket No. Assigned by release group. 

Destination. Filled in by Release on duplicate copies of job ticket accompanying 
each shipment of prints. 

Gen. Descri'ption. Title of cost-control serial number (see Appendix I) relating 
to the job. Only drawings pertaining to a given cost-control serial number (or 
closely related serial numbers) may be released on the same job. Nonrelated 
drawings must be released on separate job tickets. 

Dwg. No. Number of the drawing to be released. 

Nem. A check is placed here opposite each new drawing being released. 

Chg. The applicable change letter is placed here after each changed drawing being 
released. 

Spec. A check is placed here opposite each existing drawing rereleased for another 
model without change except for addition of model requirements. 

Std. A check is placed here after each standard-parts drawing being released. 

Dwg. Title. The basic noun (and '^assembly’ or ‘finstallation” if applicable) from 
the drawing title is showm here. 

Next Assembly. Used only for existing drawings rereleased for another model, and 
checked in the ‘^Spec.’’ column. 

Remarks. Used for special information regarding particular drawings. 

Release, Check, Stress, Weights, Chief Engineer. The traveler strip containing these 
headings is signed by the person in charge of each checking and approval station 
on the original copy, and the same spaces on the duplicate copy are used by Re- 
lease to record the location of the job, using the odd-numbered lines to record 
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date at each station and the even-numbered lines for the date. Two 

blank spaces provide for'special routing. 

Release for: Model, Effective on. Model and effective production serial numbers that 
the job is released for are shown here. 



The job ticket is an invoice of the drawings forming the job, a traveler 
to accompany the drawings through the system, a log of the location of 
the job in the system, a record of the job^s checking and approval, and, 
finally, a notice to those receiving prints when the job is released. Job 
tickets printed on light-red color paper are used for rush jobs. 

The original of the job ticket accompanies the job through the system 
and is signed by each person checking or approving the job. The dupli- 
cate copy is sent to the release recorder for use in posting the drawing- 
status cards (see Fig. 9:5), and remains in the release “active-job” file 
while the job is in the system. It is posted to show the dates when the 
job is delivered to and received from each station in the system. The 
traveler strip at the lower margin of the job ticket is used for this pur- 
pose. The triplicate copy is forwarded to the engineering-planning 
group, as notification of the drawing's entering the release system. 
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DRAWING-STATUS RECORD 

Prior to actually placing the job in the system, the drawing-status 
record card for each drawing is posted. A specimen status record card, 



Fig. 9:5. — Drawing status is recorded on a visible indexing card. Colored signals placed 
over appropriate squares indicate drawing status. 


intended for use with a visible filing system, is sho^vn in Fig. 9:5. This 
card is the master release record for each drawing, showing each release 
together with all advance drawing chanffes\nd change requests issued 
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against the drawing. The drawing change incorporating each of these 
is shown, together with a record of ail engineering orders issued against 
the drawing. Stop orders issued to halt manufacturing are also listed, 
together with a record of their release. 

Advance drawing changes are documents issued to authorize drawing 
changes in advance of actual change. Their use expedites issuance of 
change information to the factory . Engineering orders are similar docu- 
ments that provide engineering authorization for items not requiring a 
drawing change. For instance, an EO should be used to issue special 
rework instructions for salvaging incorrectly manufactured parts (see 
Chap. 11). 

Each drawing-status record card provides the following up-to-the- 
minute information, available to all interested parties, for one drawing; 
(1) drawing number, (2) di-awing title, (3) model that card relates to, 
(4) other models used on, (5) date of original release, (6) date of all 
changes released, (7) time in system on each release, (8) job number of 
each release, (9) ADC's outstanding and incorporated, (10) EC's relat- 
ing to drawing, (11) change requests outstanding and incorporated, and 
(12) stop orders active and released. The form shown in Fig. 9:5 pro- 
vides for the following entries : 

Face of Form: 

Dwg. No. Drawing number that card relates to. 

Latest Change. Current change letter on drawing. 

Basic Model. Model file in which status card belongs. 

New Dwg., Dwg. in System, Released, Change, Stop, ADC or CR, Void, and Canceled. 
Colored signals placed on appropriate square provide visual indication of drawing 
status. 

Other Models Released for. Here are listed all other models that the drawing has 
been released for. In the status file for each will be found a duplicate drawing- 
status record card. 

Name. Name of drawing. 

Job No. Job number assigned to identify each release of drawing, 

Chg. Let. Change letter assigned to drawing at each rerelease on a drawing change. 
In Date. Date when job is placed in system. 

Out Date. Date when job completes system and is released. 

Released for. Efiective production serial numbers for which job is released. Same 
as shown on job ticket. 

Stop Orders. The columns under this heading provide for listing the number of 
each stop order, the production serial number on which the stop is effective, and 
the dates of its issuance and release. 

Back of Form: 

Dwg. No. Drawing number that card relates to. 

ADC Record. The columns under this heading provide for listing the number of 
each advance drawing change and the date and drawing-change letter of its in- 
corporation into the drawing. 
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CR Record. This space lists the number of each approved change request written 
against the drawing, together with date and drawing-change letter incorporating 
each into the drawing. 

EO Record. This space lists the number of each engineering order issued against 
the drawing. 


Controlling Incorporation of ADC and CR Data 

It should be made the responsibility of each draftsman assigned 
drawing-change work to contact Release and obtain the current status 
of the drawing before proceeding to work. This information is always 
available from the drawing's status record. The checking group should 
contact Release when the drawing is received for checking in order to 
make certain that aU outstanding ADC's and change requests have been 
incorporated. If an active stop order exists against the drawing, this 
must be released simultaneously with the drawing change — for a stopped 
drawing cannot be rereleased. 


Visible Drawing-status Record File 

Colored signal flags, affixed to the lower margin of each card, give 
visual indication of the drawing's status. These cards are placed on 
visible filing boards supported by stands. Thus, all concerned with each 
model may immediately obtain a mass impression of its progress from 
the colors displayed on the cards. In some cases it may be found advan- 
tageous to use alphabetical signals on the cards to show the latest change 
letter. The card shown in Fig. 9:5 provides this feature. 

The following signals are used on the drawing-status record visible 
files: 

Letter. Indicates current change. 

Orange. Indicates drawing number issued. 

Pmk. New drawing in system (orange signal removed). 

Green. Drawing released. Remains until drawing is canceled (pink signal re- 
moved). 

Yellow. Drawing in system on change (removed when change is released). 

Red. Active stop order (removed when stop is released). 

Blue. Unincorporated advance drawing change or change request (removed 
when all are incorporated). 

Brown. Drawing void or canceled. 


Complete Status File for Each Model 

A complete set of drawing-status record cards is maintained for each 
model. When a drawing is used on more than one model, there is a 
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status card for the drawing in each model file. The space on the card 
marked “Basic Model” and “Other Models Released for” records the 
cards existing for each drawing. The “Basic Model” space always 
shows the model that the file relates to; the “Other Models Released for” 



Fig. 9:6. — Status card shown in Fig. 9:5 arranged in Kardex file. 


shows the other model files in which cards for the same drawing will be 
found. When a drawing change is released, it is necessary to post appro- 
priate information on all status cards existing for the drawing. The 
same action is taken when an advance drawing change, engineering 
order, or change request is issued. The issuance and release of a stop 
order are shown only on the card for the model affected. 

This duplication of status cards is necessary, for there must be a 
complete release record for each model, as the release procedure is for 
the purpose of controlling the release of data required by the factory 
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to construct a certain model. Certain drawing changes, advance draw- 
ing changes, stop orders, and the like may have different effects upon 
the various models covered by the dra\ving — so again a complete status 
file for each model is imperative. For instance, a stop order may be 
issued to halt manufacture of a part for one model only, vdthout affect- 
ing its use on several other models. 

Should it be found undesirable to use a visible file for the drawing- 
status record cards, the identical card can be rearranged for use in a box 
file. It is necessary only to move the record strip from the bottom of 
the card to the upper margin and place the signals along the top of each 
card. 


HANDLING OF JOBS 

Jobs placed in the system cannot be expected to carry on under their 
own momentum. Instead, the release dispatcher has the responsibility 
of delivering each job to the next station in the system, picking up aU 
completed and approved jobs and personally forwarding these to the 
next station. Boxes at each station for incoming and outgoing jobs 
provide specific places for the dispatcher’s deliveries and pickups. The 
dispatcher also has the responsibility of expediting jobs that appear to 
lag by urging speedier action by the station at fault. 

The dispatcher records the location of each job, using the traveler 
strip along the lower margin of the duplicate job ticket in the active- job 
file. The original copy of the job ticket is signed and dated in the same 
spaces by the person in charge of each station as soon as the job is com- 
pleted and ready for the dispatcher. 

Daily Job-status Report 

Release prepares a daily report showing the location of each job in 
the system, together with notation of jobs that appear unduly delayed. 
Copies are forwarded to Engineering Planning, the chief clerk, and the 
chief draftsman. The necessary corrective action is taken by the chief 
draftsman or chief clerk, depending upon the station at fault. Planning 
is thus constantly advised of each drawing’s progress and assists in cases 
where delay is caused by lack of personnel at a particular station. 

RELEASING THE JOB 

Upon receiving the customer’s approval, the job has completed the 
system and is ready for release. At this time the A and B portions of a 
job split because of it containing both new and changed drawings are 
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collected to form one job. In some cases the complete, approved job 
must be routed to the parts-list group prior to actual release. This is 
desirable when a master-parts list (refer to Chap. 14) is maintained for 
each model or article, and copies are distributed throughout the fac- 
tory. In such cases the master-parts list is the only authentic record of 
active drawings and should be revised and reissued concurrently with 
the daily release of jobs. 

Every station added to the release system increases the time required 
to process a job, and it may be advantageous to eliminate the parts-list 
group from the system. If so, prints of each job should be forwarded 
directly to the parts-list group by Release, as authority to make appro- 
priate corrections to the master-parts list. 


Ordering Prints 

When the completed job is received, the release clerk checks to ascer- 
tain that it contains all drawings shown on the job ticket and then 
prepares instructions regarding the quantity and kind of prints required. 
This information is entered in the space provided at the upper margin 
of the job ticket. The job is then forwarded to the blueprint unit for 
preparation of the necessary prints. Prior to sending the job to Blue- 
print the release clerk removes all reference data and returns these to 
the proper files. 

Blueprint stamps the printing date on each tracing, opposite the 
appropriate change letter in the alteration block, and makes the re- 
quired prints. Placing the printing date on the tracing eliminates enter- 
ing the date on each print. The drawings, job ticket, and prints are 
then returned to Release. 

The release clerk checks the job in, returns the drawings to the en- 
gineering file, and forwards the prints to the print clerk. Each print is 
marked with its issue number and destination to provide positive indi- 
vidual identity, and the print-issue record cards are posted (refer to 
Chap. 10). The prints are then gathered* in bundles for each destina- 
tion. A' shipping notice is prepared in duplicate for each bundle, and 
the original copy of the shipping notice is delivered with the prints. The 
duplicate is signed by the recipient and retained by Release as proof of 
delivery. 

When prints are delivered, the job ticket is stamped ^^Released'^ and 
forwarded to the release recorder. The recorder posts the affected 
drawing-status cards to show that the job is released. The duplicate 
job ticket is removed from the “active-job” file and destroyed, and the 
original job ticket is placed in the “closed-job” file. 
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A copy of the job ticket is forwarded to each destination with the 
prints forming the job. This gives information on the general nature 
of the job and its relationship to the model or article affected. These 
additional copies are prepared just prior to release of the job in order to 
avoid errors caused by possible changes in the nature of the job during 
its course through the system. 

The prints intended for the engineering files are routed to the numbers 
clerk prior to delivery to the files. This permits the numbers clerk 
to check the prints against the numbers books and to make ap- 
propriate corrections or entries in the books. 


Vault-copy Prints 

One print of each drawing release is designated as a “vault copy’^ and 
is intended for a master file, in which is maintained one print of every 
change on each drawing. This vault-copy print is first routed to the 
release recorder for posting the incorporated advance drawing changes 
and change requests on the drawing-status cards. This information ap- 
pears on the notice of change (see Chap. 12) attached to each changed 
drawing. 

RELEASE OF CONFIDENTIAL DRAWINGS 

Certain articles or models may be classified as “confidential” or 
“secret,” and special treatment is required for major assembly drawings 
revealing the nature and purpose of the design. Detail parts and sub- 
assemblies rarely reveal any significant data and may usually be handled 
in the same manner as unclassified drawings. 

It is the responsibility of the project engineer (chief engineer in small 
department) to determine which drawings are to be classified as confiden- 
tial or secret. These drawings are plainly marked with the appropriate 
security classification, and prints are not issued as part of a regular job 
release, except that a “vault-copy” print is made. The release group, 
instead, notifies all normal recipients of prints when a classified drawing 
clears the system, and those who require prints may request special- 
issue prints. The issuance of prints of classified drawings needs specific 
approval of an engineering executive. 

DRAWING RELEASE IN A SMALL ENGINEERING DEPARTMENT 

In a small company, where the engineering department is correspond- 
ingly small, it is feasible to use a greatly simplified release procedure. 
This is founded upon three basic premises: (1) that the average ability 
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of engineering personnel will be higher, with correspondingly fewer draw- 
ing errors, (2) that the effect of errors will be less costly, owing to the 
smaller number of parts manufactured upon each drawing release, and 
(3) that the greater flexibility possible with a small organization will 
permit immediate correction of errors upon notification by the manufac- 
turing departments. 

Drawings completed by the engineering department are forwarded to 
the release group with a release request marked either “Experimental^^ 
or “Productions^ in the space provided for indicating the kind of release 
desired. This release request also serves as a job ticket when the job 
number is placed in the upper right corner and the project engineer’s 
or chief engineer’s signature is obtained in the lower margin as authority 
for release. 

These releases are handled on the basis that all necessary checking 
has been accomplished prior to release and are printed and distributed 
without passing through the engineering checking and approval pro- 
cedure described in preceding paragraphs. 


Expebimental Release 

All prints on an experimental release should be stamped “Experimen- 
tal,” in addition to other stamping. An arrangement must be made 
with the experimental department to notify the engineering department 
by change requests of all changes necessary to correct the experimental 
drawings for production. Once these changes are incorporated, the 
drawings can be forwarded to the release group for a production release. 

Production Release 

Production prints should be stamped “OK for Production,” in addi- 
tion to other stamping. Experimental drawings rereleased without 
change for production should be assigned the next change letter for 
record purposes. A notice of change is not necessary, and “Reid for 
Prod — No Change” is entered in the alternation block. 

All prints must bear issue numbers and should be forwarded to their 
destinations with a shipping notice in duplicate. 

RELEASE OF LAYOUT DRAWINGS 

All layout drawings intended as the basis for engineering work must 
be assigned a number, carry the standard title block, and be approved 
and released before manufacturing drawings are prepared. The project 
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engineer should determine which layouts require checking prior to re- 
lease. The relevant layout is referenced on all manufacturing drawings, 
by placing ‘^Ref Layout (numhery^ adjacent to the drawing title block 
and must accompany the manufacturing drawings through the release 
system. 

The group supervisor is responsible for obtaining the following ap- 
proval signatures on each layout before its removal from the drafting 
board : 

Structures supervisor 

Weights supervisor 

Materials engineer 

Project engineer 

Note: The project engineer wiU note either ^^Check” or “No Check, followed by 
his signature, in the margin below the title block. 

Chief engineer 

These signatures indicate preliminary approval, and final approval is 
obtained by signatures on the manufacturing drawings prepared from 
the layout. 

The engineering planning group should notify the structures super- 
visor, weights supervisor, and materials engineer of all new layout num- 
bers issued in order to keep them constantly informed of all layout work 
in process. It then becomes their responsibility to follow up and check 
each layout as it progresses. 

The materials engineer places the AEMO number (see Chap. 13), 
covering the layout in the margin, opposite his signature. Following 
the chief engineer's approval, the layout is sent to the release group. 
Release records the layout and forwards as follows: 

a. Layouts requiring checking are forwarded to the checking group 
on a “Rush” job ticket. Following completion of checkiag and correc- 
tions the layout is forwarded to the blueprint unit for four prints: one 
“Vault Copy,” two “Engr File” copies, and one “Tool Design” copy. 
Blueprint returns the layout to engineering files for recording and filing. 

&. Layouts that do not require checking are forwarded by Release 
directly to Blueprint for preparation of the required four copies. 
Changes found necessary by the checking group must be approved by 
the project engineer before release of the layout. 

Layout Changes 

AU changes necessary to keep layout drawings up to date should be 
promptly made, and the layout' rereleased on a change letter, with 
approval of the notice of change obtained in the manner used to approve 
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the original layout. The information on the layout should agree at all 
times with the current manufacturing drawings. Service data may be 
required on the layout to show the effective serial number of basic 
changes. 

Loan of Layouts from Engineering Files 

A layout dra^ving may be borrowed from engineering files in the same 
manner as any other drawing (see Chap. 10). The layout should be 
returned as soon as possible and must not be considered as ^^belonging^^ 
to any one design group. 


Layout Must Accompany Drawings in System 

All manufacturing drawing detailed from a layout (or referring to a 
layout) must be accompanied by the layout when forwarded to the re- 
lease group for placing in the system. 


RELEASE OF TEST AND MOCK-UP DRAWINGS 

Whenever it is desired to release a drawing for structural test, func- 
tional test, or mock-up, a procedure must be followed that will avoid 
the drawing being accidentally released for manufacture of produc- 
tion parts, and this is accomplished by calling for “special-test” model 
requirements on the drawing. 

A drawing released for test or mock-up purposes only will carry the 
model designation ST suffixed mth the model number (thus: ST — 10 or 
ST — 34) in the “Model” space of the title block. An engineering order 
is issued at the time when the part is released for test, detmling the na- 
ture of the work to be accomplished. 

Unless other instructions are issued by the chief engineer, the drawing 
should be released for production immediately after incorporation of all 
changes found necessary during fabrication and testing of the test part. 
It is the project engineer's responsibihty to follow the progress of all 
engineering and shop work on test parts and to expedite their release for 
production. 

When the drawing is rereleased for production, the correct model 
designation is added, and the drawing released on a change. The notice 
of change records all changes from the original test part to the final 
manufactured part and indicates the effective serial number of the part 
as obtained from the manufacturing planning department. 

Layout dra^vings are not released for test or other manufacturing 
purposes and are used only for design reference. The established routing 
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for the model affected will be followed by the release group in handling 
test and mock-up drawings. The manufacturing-planning department 
will not take action on test and mock-up releases until an engineering 
order detailing the work to be accomplished is received. 

DRAWING RELEASE FOR MAINTENANCE ENGINEERING 

The system of drawing release described in the preceding paragraphs 
is predicated upon operation of a product-design engineering department 
engaged in preparing drawings for the production of manufactured arti- 
cles. Another type of engineering department is primarily occupied by 
the maintenance of factory and fleet equipment. This is often referred 
to as “maintenance engineering/’ and is encountered in processing 
plants and transportation enterprises. 

Each drawing release issued from a maintenance engineering depart- 
ment usually relates to specified equipment rather than to a block of 
production units. This requires a modified release-notice to insure that 
complete information reaches all parties concerned with the work to be 
accomplished. 

In such cases the Job Ticket should be replaced by a detailed Release 
Notice, similar to the example shown in Fig. 9:7. This is prepared as 
an 8-3^ by 11-in. form on tracing paper to permit reproduction of 
copies by blueprinting. A copy of the release-notice accompanies each 
set of prints comprising the engineering release. Additional copies are 
forwarded to various supervisors affected by the release of engineering 
information. 

It is necessary that maintenance engineering receive definite notifica- 
tion of the accomplishment of each engineering release, so that drawings, 
part lists, spare-parts requirements, and other records may always 
reflect the actual status of company equipment. Releases affecting 
several equipment units, perhaps widely scattered over an extensive 
transportation system, may not be simultaneously accomplished, and 
engineering should receive individual notification of accomplishment of 
the authorized work on each unit. This can be done by using a “Com- 
pleted Engineering Release Report,” similar to the example shown in 
Fig. 9:8. 

One copy of the completion notice is prepared for each equipment unit 
affected by the engineering release and accompanies the set of prints 
released to the maintenance shop. As the required work is accomplished 
on each unit, the corresponding notice is filled in by the shop foreman 
and inspector responsible for its accomplishment and is returned to the 
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engineering department. Engineering then corrects all records to show 
accomplishment of the work. Completed reports issued for releases 
that must be accomplished as soon as possible are printed on red paper 



Fig, 9:7. — ^Engineering release notice replaces Job Ticket for maintenance-engineering 

releases. 

and bear the notation ''Red is priority.” Green paper and the notation 
Green is routine” are used for jobs that can be accomplished at the 
maintenance department's convenience. 
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ARRANGING THE OFFICE FOR EFFICIENT RELEASE 

The drawing-release system necessary for a large engineering depart- 
ment involved in the design of complex products requires, considerable 
handling and movement of drawings. The arrangement of the various 
groups concerned with drawing release should provide for minimum 
transportation of jobs. This can be accomplished by plotting the path 
of jobs on a floor plan of the engineering department and arranging the 
groups involved in the drawing release so as to obtain minimum travel 
distances. 

The most efficient routing plan for drawing release will provide (1) 
straight-line movement of jobs, not only through the department as a 
whole but also through each group involved in the system; (2) succes- 
sive stations in the system placed as near to each other as possible; and 
(3) a circular travel pattern since the job must eventually return to its 
point of origin in the release group. 


OTHER METHODS OF RELEASING DRAWINGS 

There are other methods of releasing drawings besides the basic sys- 
tem described here, but the procedure outlined in this chapter has been 
found to be most practical in some of the largest engineering depart- 
ments. It is also used in many small engineering departments and is 
probably the most effective and efficient of all. Discussion of other sys- 
tems would serve little useful purpose and result only in confusing the 
issue. 

Well-regulated engineering offices may, however, find it advantageous 
to elimmate re-releasmg drawings to add only model requirements. This 
can be done through information listed on the job ticket. The expense 
of new blueprints to supply manufacturing departments with a listing 
of the latest model requirements is eliminated. This should be considered 
only when excellent control is present in the engineering and manufactur- 
ing-planning departments. 

In this case the job ticket form (see Fig. 9:4) is modified by addition 
of ^^Required per Assembly^^ and ‘‘Required per Unit^' columns, placed 
adjacent to the “Next Assembly'^ column. 

Existing drawings being re-released without change except for addition 
of model requirements are grouped on the Release Request, and noted 
as “Add model rqmts.” Requirements per assembly and unit and the 
next assembly are shown for each of these drawings, similar to the manner 
in which these data would appear in the drawing title block. Release 
transfers these data to the job ticket, checking each drawing in the 
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“SpeciaF’ column, followed by removing the affected tracings from files 
and adding the new requirements data. These drawmgs do not accom- 
pany the job through the system but are returned to files after addition 
of requirements. Prints of these drawings are not issued when the job 
is released. 

The manufacturing-planning department releases the parts for manu- 
facture upon receipt of the job ticket showing added model requirements. 
Prints bearing the added model requirements do not reach the files until 
the drawings are changed and reissued for reasons other than model 
requirement addition. 


SUMMARY OF DRAWING-RELEASE PROCEDURE 

The general procedure recommended for the release of engineering 
drawing can be briefed as follows : 

а. Draftsman gives completed drawing to group supervisor. 

б. Group supervisor prepares release request (showing type of release, and incor- 
porating breakdown if several drawmgs are involved), and gives drawing or drawings 

(now termed a 'fiob’O to the release group. ^ i 

c. Release checks the job for completeness, prepares required copies of job tickets, 

and assigns job number. 

(1) Original job ticket sent with drawings to checking group (check prints are 
furnished with new drawings only). 

(2) Duplicate job tickets retained by Release as record of job. 

(3) Additional copy of job ticket forwarded to Engineering Planmng 

d. Release prepares drawing-status card for new drawing or posts existing card 
for changed drawing. 

e. Original job ticket accompanies job through all stations in the system and is 
signed by all parties checking or approving the job. 

/. Upon completing the system, original job ticket and drawinp are forwarded 
to Blueprint to make release prints. Quantities and kind of prints required are 
noted on job ticket by Release. 

g. Blueprint, upon printing the release, returns all drawings and prints to Release. 
A. Issue numbers are placed upon each print* the issue record cards posted accord- 
ingly* and the reproductions dispatched to their destinations to complete the release, 
i. Two copies of a shipping notice accompany each shipment of prints. One copy 
of the Upping notice is signed and returned to Release as acknowledgment of 
delivery. 



CHAPTER 10 

DRAWING AND PRINT CONTROL 


NEED FOR DRAWING AND PRINT CONTROL 

Tlie drawings prepared in the engineering department are the most 
valuable articles in the possession of a company for they serve as the 
basis for everything accomplished by the entire organization. All other 
departments in the company are engaged in manufacturing^ selling, and 
servicing the articles described by the engineering drawings, and safe- 
guarding these drawings from damage or loss is a vital factor in the suc- 
cess of the company. 

When a company is engaged in the manufacture of articles for gov- 
ernment use, the safeguarding of drawings takes on additional impor- 
tance for they are usually assigned a security classification of restricted, 
confidential, or secret, depending upon the nature of the article manu- 
factured. In these cases the regulations governing the security of 
classified data make mandatory the establishment of a dependable sys- 
tem for drawing and print control. 

The prints produced from each drawing have a value far greater than 
the printing cost, and their control deserves the same attention given 
the original drawings. Prints of drawings are normally used for (1) en- 
gineering reference, (2) manufacturing, and (3) sales. Random, un- 
recorded distribution of prints precludes the possibility of replacing 
obsolete prints and introduces the hazard of working with obsolete in- 
formation with resultant costly errors. Furthermore, considerable time 
may be unnecessarily spent in locating misplaced prints. 

The methods established for maintaining control of each drawing and 
evQry print wdll vary with the size of the engineering department, but 
in each case they must provide a complete, practicable method of regu- 
lating the (1) handling and filing of drawings and (2) ordering, issuance,, 
and recall of prints. The hmic methods described here, however, are 
applicable to any engineering department, regardless of size. In a small 
engineering department it may be the part-time responsibility of a 
junior draftsman to maintain the necessary records and files. A larger 
department will have a clerk specifically assigned to this work, whereas 
the files group of an extensive engineering department will employ sev- 
eral persons. 
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TERMS RELATING TO DRAWING AND PRINT CONTROL 

The explanation of a comprehensive system of drawing and print 
control involves the introduction of special terminology, which in many 
cases is arbitrarily established as being descriptive of the condition, 
operation, or item described. The terms are listed at this point in order 
to avoid the necessity of frequent repetition in the paragraphs following. 

a. Drawing. The original tracing, whether upon cloth or vellum, with pencil or 
ink, drawn to show manufacturing or design information. Also applicable to dupli- 
cate tracings that have been altered to show a modified design and thus become the 
basic drawing for another part. 

b. Print. A copy of a drawfing, regardless of the method of reproduction. 

c. Blueprint Unit, The activity within the engineering department that prepares 
prints of drawings, irrespective of whether blueprints or direct-line prints are produced. 

d. Regular^release Prints. The normal distribution of prints for each new or 
changed drawing prepared in the engineering department and distributed to ail 
print files within the company as the concluding phase of drawing release. 

e. Special-issue Prints. Prints made in addition to the regular-release prints and 
at the individual request of company employees for the purposes of reference, 
tracing, or duplicate tracings to be altered and become “new” drawings. 

/. Other-company Prints. Prints obtained from other companies and maintained 
in the engineering department for reference. 

g. Other-company Drawings. Duplicate tracings obtained from other companies 
and maintained in the engineering department for the production of reference prints. 


DRAWING FILES 

Every engineering department, regardless of size, must have suitable 
files for storing original drawings and reference prints. Drawing files are 
commercially obtainable in the form of cabinets with shallow draw^ers 
for tYieflat filing of drawings up to the 22- by 34-in. size and the roll filing 
of drawings up to 42 in. wide. Refer to Chap. 8 for information on 
standard drawing sizes. 

All flat-filed drawings of a given size should be placed in one drawer 
or group of drawers. The indiscriminate storing of various sizes in a 
single drawer renders the location of a particular drawing much more 
difficult since it is only too easy for a small drawing to become ^fiost^^ 
between two large dra^vings. Each file of drawings of a given size should 
be arranged in numerical sequence, despite the fact that many numbers 
will be omitted because they are located in the file drawer for another 
size. 

All roll-size drawings should also be filed numerically in one drawer 
or group of drawers and placed side-by-side to extend the depth of the 
drawer. There are other methods of filing roll-size draAvings, including 
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the use of binS; racks, or paper tubes, but none of these provides the ease 
of filing possible with drawing cabinets. 

The file for void and canceled drawings should be separate from that 
for active drawings. Because these drawings are seldom withdrawn, it 
is practicable to use a ''dead-storage'' file in the form of a rack holding a 
quantity of large filing tubes, each identified by a number or letter. A 
quantity of void and canceled drawings can be filed in each tube, with 
their respective inventory cards being marked to indicate the proper fil- 
ing tube as well as the status of each drawing. 



Fig. 10:1. — Drawing and print file in typical engineering department. {Courtesy Ryan 

Aeronautical Co.) 

Drawing files should be located wdthin a fireproof vault, or fire-resist- 
ant filing cases should be used. If circumstances make it impossible to 
use either method for protecting the drawings, then a "vault-copy" 
print should be made for each drawing release, including all changes, 
and filed in a fireproof storage vault remote from the company prem- 
ises. In the event that the original drawing is lost, a duplicate tracing 
can be made from the vault-copy print for temporary use and a new 
tracing prepared when time permits. Furthermore, this complete file of 
vault-copy prints will often be of value in determining the proper re- 
placements when orders are received for spare parts relating to an early 
model. 


PRINT FILES 

Prints should always be folded to a size approximating 83^ by 11 in. 
and filed in numerical sequence in standard letter-size four-drawer filing 
cabinets. The drawing title block containing the drawmg number ^vill 
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usually appear in the lower, right-side comer of the folded print. The 
prints should be filed upside down in order to bring the number to the 
top and toward the back of the file. The fact that the numbers are in- 
verted is of no consequence since the eye level wiQ be above the file, -with 
the result that the number may be read with ease when the prints are 
thumbed back. This arrangement eliminates the use of clumsy, space- 
consuming file folders or numerical dividers and is successfully used in 
some of the largest engmeering departments. However, if the drawing 
number is repeated in the upper, right-hand portion of the fblded print, 
as explained in Chap. 8, the prints need not be inverted when filed. 


ENGINEERING DEPARTMENT SUPPLIES 

The engineering files should serve as a distribution point for all draw- 
ing supplies used in the engineering department. A table for cutting 
lengths of cloth or vellum to the desired length should be provided. 



Fig. 10:2. — Floor plan for engineering print files. 


The files arrangement should be one that discourages unauthorized 
entry to the files area and requires engmeering personnel to request all 
drawings, prints, and materials from a file clerk rather than to serve 
themselves. That the engmeering personnel obtain all drawings and 
prints from a designated person or persons is the essence of drawing and 
print control. 
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The arrangement of the engineering files should provide an enclosed 
area with adequate work space and a large sorting table for arranging 
the returned prints prior to refiling. The floor plan of a files area suita- 
ble for a small engineering department of approxioiately 75 employees is 
shown in Fig. 10:2. This plan purposely omits a service counter, and 
all business must be transacted over the top of the filing cabinets that 
form one wall of the enclosure. The absence of a convenient counter to 
lean upon and search prints for imaginary information discourages em- 
ployees from idling away time at the files. 

A box or bin for returned prints is an essential part of the files arrange- 
ment. This should be the postbox type where returned prints are 
dropped through a slot in order to discourage unrecorded “borrowing’^ 
of prints. 


MATERIALS REQUISITION 

In a large engineering department, where the daily consumption of 
supplies becomes an important cost item, it may be advisable to use a 
materials-requisition form (similar to that shovm in Fig. 10:3) for all 
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Eig. 10:3. — Material requisition used to obtain supplies at engineering files. 


materials issued by the files. The time spent preparing these requisi- 
tions is compensated for by the elinunation of waste because the exist- 
ence of a record for every item issued discourages the tendency to obtain 
more supplies than are actually needed. 

The cumulative posting of the information furnished by these requisi- 
tions provides an accurate basis for forecasting supply requirements 
and is invaluable when long-range estimates of material requirements 
are to be made. The form shown in Fig. 10:3 is self-explanatory, and 
pads of these are provided at the engineering files. These are filled out 
with the required information and given to a file clerk, who fills the 
order and files the requisition. Questionable orders are referred to the 
files supervisor. 
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FILE CLERK 

One person in the engineering department must be appointed engineer- 
ing file clerk and made responsible for maintaining accurate records and 
complete files of all drawings and prints. As the size of the department 
increases, it will be necessary to employ additional fiGie clerks, and the 
most experienced and responsible of these should become engineering- 
files group leader. 

Personnel should not be assigned to the engineering files if their expe- 
rience qualifies them for higher paid positions. Only by assigning capa- 
ble clerical personnel to the files on a permanent basis can drawing and 
print control be accomplished in an efi&cient manner. Only when files 
personnel know that their employment depends upon the satisfactory 
filing and recording of engineering drawings and prints can the files 
group be expected to operate efficiently. When file clerks consider their 
stay in the files as being a brief steppingstone to another job, there may 
be a tendency to do only that which is necessary to “get by^' while 
awaiting the ntet step in their progress through the engineering depart- 
ment toward the ultimate goal of becoming chief engineer. 


DRAWING-INVENTORY RECORD 

All drawings should be forwarded to the engineering files for indexing 
and filing unmediately after being printed for their initial release. This 
should be established as a responsibility of the engineering release group. 
The only exception to the rule should be drawings originating in other 
departments of the company, and these are normally returned to the 
originating department with the prints. 

The engineering files should maintain a perpetual inventory of all 
drawings through the medium of an inventory-record card similar to 
that shown in Fig. 10:4. An inventory card is prepared for each draw- 
ing immediately upon its original delivery to the files and remains as a 
permanent record of the drawing. The card in Fig. 10:4 lists the follow- 
ing information, obtained principally for the drawing's title block: 

Size. Code letter or number designating the drawing size. 

Kind, Nature of the drawing: whether cloth or vellum, direct-hne transparent, 
Vandyke, or phototracing. Code letters, such as C, V, 0, V /D, and P can be 
used. 

Dwg. No, Number appearing in drawing title block. 

Title. Exact title appearing upon drawing. 

Model. Model or models that drawing is released for. 

Dote. Date when drawing was made. 

Draftsman. Name of draftsman who made the drawing. 



DRAWING AND PRINT CONTROL 


187 


By and Date Columns. The columns in the lower portion of the card are the inven- 
tory record and are repeated on the back of the card. Clerk preparing card initials 
and dates the first of these spaces. The additional spaces are used at periodic 


inventories. 


Siie Kini Dwg. No. 

T.+le 


Mode} Dite 


O.U By Dot. 3f 

VELLUM INVENTORY RECORD 


Pig. 10:4. — Drawing-inventory record card. 


DRAWING CHARGE-OUT SYSTEM 

Drawings should be loaned by the files only for the purposes of (1) 
drawing change or (2) printing. Each loan should be recorded on a 
drawing charge-out record card similar to that shown in Fig. 10:5, auth- 
orized by an engineering supervisor and countersigned by the person 
receiving the drawing. These charge-out cards are filed in the drawing- 
inventory record file immediately in front of the inventory card for the 
loaned drawing and should be printed on paper of a contrasting color. 

It may become necessary to loan a drawing for a purpose other than 
drawing change or printing. Sometimes a drawing must be loaned for 
reference when an engineering file print is not available. This condition 
should not be encouraged, however, and drawing loans of this nature 
should require the chief draftsman's authorization. 


Oa't* - Owg. No. 

Dwg, TiHo 


Roasoo For Charge — Out: Change 

Other 


_ Blueprint— 


Charged To _ 
Approval 


_G. L 0.1C_ 
-File Clerk- 


VELUJM CHARGE-OUT RECORD 


Fig. 10:5. — Drawing charge-out card for record of loaned drawings. 


The drawing charge-out record shown in Fig. 10:5 lists the following 
information: 

Date. When loan was made. 

Dv}g. No. Number of drawing loaned. 
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Dwg. Title. ' Title of drawing loaned. 

Reason for Charge-out. The appropriate space is checked, or a detailed reason shown 
on line marked '‘Other.’' 

Charged to. Signature of borrower. 

G. L. OK. Signature of an engineering supervisor authorized to approve drawing 
loans. 

Approval. Used only when loan is for a purpose other than change or printing. 

Chief draftsman’s signature required. 

FUe Clerk. Initials of clerk making loan. 

Returned to. Initials of file clerk receiving returned drawing, and date of return. 

The charge-out card remains in the inventory file until the drawing 
is returned. The card is then returned to the borrower. 

Dra^vings should not be removed from the engineering department, 
except when sent to a commercial blueprint firm for prints, and these 
transactions are handled through the release group. Adherence to this 
procedure will simplify the location of misplaced drawings by isolating 
their location to the boundaries of the engineering department. 

DRAWING-mVENTORY CONTROL 

At periodic intervals it is desirable to recall all drawings to the engi- 
neering files for an inventory. The inventory-record and drawing charge- 
out cards are used for this purpose. Each drawing shown as loaned by 
a charge-out card is recalled. A check is then made to verify the fact 
that every drawing listed on the inventory cards is actually in the files. 
The interval between inventories should not exceed six months. 

Usually there will be several drawings that cannot be located during 
the inventory. The record will show them charged to certain individu- 
als, but the borrowers will be unable to locate the drawings. This con- 
dition is generally due to the original borrowers loaning the drawing to 
another person or to the appropriation of the drawing by another drafts- 
man without the knowledge of the original borrower. 

The number of misplaced drawings can be minimized by establishing 
a definite rule that the person borrowing a drawing is responsible for its 
safekeeping until it is returned and must not loan the drawing to another 
person. Such a rule can be enforced by deducting the nominal value of 
a misplaced drawing from the pay of the person responsible for its loss. 
This practice is in keeping with the policy of charging shop personnel 
with the nominal value of lost tools. 

PRINT-DISTRIBUTION SYSTEM 

Prints of the drawings produced in the engineering department are 
furnished the purchasing, manufacturing, quahty-control, and shipping 
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departments as authority for procurement of material, fabrication, as- 
sembly, inspection, and packing of the parts described on them. The 
method used to distribute these prints must insure that the proper quan- 
tity for each new and changed drawing reaches all departments affected. 

A prerequisite to establishing a print-distribution system is the de- 
termination of points within the factory to be supplied with complete 
print files, also the quantity to be furnished such destinations. An ideal 
arrangement is one involving three basic print files in the (1) engineer- 
hig, (2) production, and (3) inspection departments. In this case the 
production files are used to supply prints for purchasing, shop orders, 
tool design, subcontracting, and other points outside the engineering and 
inspection departments. 

Although an ideal condition can rarely be attained, a definite effort 
should be made to maintain print-delivery points at the minimum. Iden- 
tical print quantities should be furnished each delivery point for all draw- 
ings relating to a given model or article. The only exception to this rule 
applies to subcontracted parts where the print quantities are sometimes 
greater than for parts made within the factory. The drawings of these 
parts can be identified by placing a large asterisk immediately following 
the drawing number. The regular-release print quantity is shown in the 
margm or, preferably, within a space provided in the drawing title block. 
The release group can then order the additional print quantities re- 
quired on each drawing release. 

When print-delivery points and basic quantities are determined for 
each model, this data should be issued in the form of a bulletin to the 
release group, blueprint unit, and all print-delivery points. This bulle- 
tin serves as authority to prepare and deliver the specified ptints to each 
delivery point. When a change becomes necessary, the buUetin is re- 
placed with a corrected issue. 

PRINT ISSUE NUMBERS 

In order to maintain accurate records of print distribution and loans, 
each print must have individual identity. This can be accomplished by 
assigning an ‘^issue number’^ to each print, marked in the title-block 
area with red crayon prior to delivery of the print. Issue number pro- 
vides both (1) a serial number for the print and (2) identification of the 
delivery point. A two-digit number is used. The first numeral indi- 
cates the serial number of the print. The second numeral indicates the 
delivery point. Thus, should the engmeering files receive three prints 
of each drawing, these can be identified as issues 01, 11, and 21. In this 
case “1^^ indicates the engmeering files, while “0,^^ and “2’^ indicate 
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the first, second, and third prints. Should engineering-files release be 
increased to four, the fourth print would bear issue number 31. A typi- 
cal distribution list for a given model might appear as follows: 


Print Distribution for Model 10 


Destination 

Quantity 

Issue numbers 

Production planning. . 

6 

00, 10, 20, 30, 40, and 50 

Engineering file 

3 

01, 11, and 21 

Inspection 

3 

02, 12, and 22 

Parts-list group 

1 

03 

Vault 

1 

04 


Such a print issue number system provides for 10 destinations and a 
maximum of 10 prints to each destination. When more than 10 destina- 
tions are required, a four-digit issue number can be used, with the first 
two numbers indicating the print serial number and the second pair 
designating the delivery point. For example, “0000’’ indicates the first 
print supplied the first listed destination. Likewise, “0306” indicates 
the fourth print furnished the seventh delivery point, whereas “1411” 
identifies the fifteenth print supplied the twelfth delivery point. A four- 
digit issue number provides identification for a hundred prints to each 
of a hundred delivery points and obviously accommodates sufficient 
prints for the needs of any organization. 


SPECIAL-ISSUE PRINTS 

Special-issue prints are assigned issue numbers beginning with “1” for 
each drawing number and prefixed S. Thus, the first special-issue print 
of a given drawing is issue number ;31,- the second etc. 


USE OF ISSUE NUMBERS 

Once a basic issue number is assigned to a specific destination, it 
should never be used to identify another destination. If a delivery 
point requires prints of one model and not of another model, then the 
basic issue number for that delivery point must not be used in the re- 
lease of prints relating to the second model. The only conditions under 
which an issue number should be reassigned is in the case of the com- 
plete elimination of a particular delivery point and the recall of all prints 
furnished that point. 
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Transparent reproductions of a drawing should use a T prefix to the 
issue number, and the number is shown in the lower margin in order to 
avoid defacing the printing area of the transparent. 

Prints reissued on a drawing change should bear the original issue 
number suflBxed with the change letter and then be forwarded to the 
identical destinations of the original issue: thus, 02 A, 15C, 2SEj and the 
like for regular release prints. Special-issue prints are sufifixed with the 
change letter appearing on the drawing at the time when the print is 
made, and no attempt is ordinarily made to keep these up to date by 
forwarding prints of succeeding drawing changes. 

PRINT-DISTRIBUTION RECORDS 

It is necessary to maintain a record of the distribution of every print, 
including both regular issue and special issue. The regular-issue prints 
are forwarded to the established distribution points as the final step in 
the release of each new or changed engineering dra'wing. A card similar 
to that shown in Fig. 10:6 should be maintained by the release group 
for each drawing as a record of the regular-issue print distribution. * 
The record shown in Fig. 10:6 lists the following information for each 
release of the drawing, beginning with the column marked “New” : 

Date. Date when prints are released. 

By. Initials of clerk posting record. 

Job No. Number of job ticket releasing the drawing (see Chap. 9). 

Models. Models for which drawing is released. 

Indicated below the heavy line in each column are the standard desti- 
nations together with the basic issue number for each. The quantity of 
prints supplied each destination is entered in the appropriate column. 
When both prints and transparent reproductions are suppHed, the print 
quantity is entered first, followed by the quantity of transparents. For 
example, should a destination receive three prints and onq transparent, 
the entry would appear as “3 — 1.” 

Special-issue prints should be recorded on a form similar to that showm 
in Fig. 10:7, which lists the following information for each print: 

Issue No. Issue number of print. 

Kind. Nature of reproduction. Use B/P for prints and T for transparents. 

Issued to. Name of person receiving print and address or department if outside 
Engineering. 

Date. Date when print was issued. 

By. Initials of person posting record. 

The special-issue cards will be kept in engineering files (or other group 
delegated to handle reproduction orders) and posted by the clerk re- 
sponsible for delivering prints to their destinations. 
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Fig, 10:6. — Record of regular-issue prints of new and changed drawings. 
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KEEPING PRINT FILES UP-TO-DATE 

It is necessary for each department furnished regular-release issues of 
prints to keep them up to date by affixing to the proper prints one copy 
of each drawing attachment (see Chap. 11, “Advance Engineering In- 
formation’O upon receipt of same. It is also the responsibility of each 
department to destroy promptly obsolete issues of prints upon receipt 
of superseding prints bearing the same basic issue number. 
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Fig. 10:8. — Record of drawing attachments. 


Each print file should maintain a record card for each drawing, listing 
the drawing attachments issued against that drawing. Drawing at- 
tachments normally include advance drawing changes, engineering 
orders, stop orders, stop releases, or equivalent documents. Each at- 
tachment bears a serial number that is entered on the record card to- 
gether with the date received. All outstanding drawing attachments are 
usually incorporated or canceled by each drawing change. Upon receipt 
of the changed print, it is necessary to strike out the serial number of 
each attachment made inactive and indicate the change letter, as shown 
at Fig. 10:8. Thus, the actiire attachments shown on each record card 
are those which should be attached to its respective print to provide the 
complete status of the drawing. Unless such a record is maintained, it 
is impossible to be certain that the file prints are complete with all active 
drawing attachments. LJcich tiTne thcit cl loaned pinnt is vetuimed to the 
fileSj it should he checked to make c&riain that all active dTawing attachments 
are affixed. Often it will be found that one or more attachments have 
been removed while the print was on loan. 
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Keeping print files up to date is a problem that must be coordinated 
with the other departments involved. The responsibility of providing 
a workable procedure to maintain the prints in each department must 
be fully accepted by that department. The engineering department 
should never accept the burden of maintaining print files in other de- 
partments. Each department within an organization should handle its 
own internal problems and not rely upon another department to do a 
portion of its work^ 

Obsolete prints are normally removed from each file when supersed- 
ing prints are received and are destroyed by either burning or shredding. 
The method of destruction should be approved by the plant-protection 
department in an organization doing work of a confidential or secret 
nature.* The important factor is controlling the circulation of obsolete 
prints and avoiding use of erroneous information in the factory . It may 
be necessary to maintain obsolete prints in the factory files for a limited 
time in order to permit completion of manufacturing work in process. 
This is a matter concerning only the department involved and does not 
affect the engineering department. 

It is the responsibility of persons furnished special-issue prints to re- 
turn them to engineering files when informed that they are obsolete or 
no longer needed. It is unfeasible to keep special-issue prints up to date 
by forwarding drawing attachments or superseding prints. These prints 
should be issued on the basis of being used for reference only. 

PRINT CHARGE-OUT SYSTEM 

Suitable records must be maintained of all prints loaned by engineer- 
ing files. The most practicable method is the use of a “charge-ouf' card 
for each loaned print. The card is filled out by the borrower and given 
to the file clerk who places it in the position normally occupied by the 
loaned print. The specimen charge-out card^ shovm in Fig. 10:9, is used 
until all lines are fiUed in, listing the following information for each loan: 

Ihog, No, Drawing number of print borrowed. 

Issu,e No. File clerk enters issue number appearing on print. 

Name. Signature of borrower. * ' 

Date. Date of loan. 

When the print is returned to engineering files, the card is removed 
and replaced by the print. The card is then placed on the counter ready 
for use by another borrower. 

When superseding prints are received, the engineering files should 
communicate with the persons having the superseded prints. These 
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superseded prints are replaced with the new prints. The charge-out 
cards are changed accordingly to show the new issue numbers. When 
it is necessary for a borrower to retain a superseded print for reference 
in connection with work in process, the print should be stamped ''obso- 
lete' ' by engineering files. 
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Fig. 10 1 9. — Charge-out card for record of loaned prints. 


The need for retrieving all superseded file prints makes it desirable to 
limit print loans to engineering-department employees. When this is 
not done, the engineering-file prints become scattered throughout the 
factory, and keeping them up to date becomes a burden. Circumstances 
may occur, however, that justify loaning engineering-file prints to em- 
ployees of other departments, and such loans should require the chief 
draftsman's approval. 

The person borrowing a print from engineering files is responsible for 
its security imtil returned, and the borrower should not loan a print to 
another employee without having the files department correct the print 
charge-out record. In order to minimize careless handling of loaned 
prints, a penalty can be imposed by charging the responsible employee 
with the nominal cost of replacing a lost print. 
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PRINT INVENTORIES 

At periodic intervals, all prints should be recalled to the engineering 
files for an inventory. Eecalling prints for inventory may cause con- 
siderable loss of time in a large engineering department, because of the 
removal of many prints actually required for work in process. When 
this condition exists, a ^'rotating-mventory’’ system is preferable. 

When the rotating-inventory system is used, the print charge-out 
cards are in four groups of white and three colors, with each group 
identifying a specified quarter of the year. The specimen card, shown 
in Tig. 10:9, is identified mth the third quarter by the notation “July — 
Aug. — Sept.’^ along its lower margin. Other cards are identified with 
the remaining quarters of the year. 

The appropriate group of cards is used during each quarter. Two 
weeks after the beginning of a new quarter, the cards remaining m the 
files from the preceding quarter are mthdra^vn, and the charge-out 
prints recalled. Identification of charge-out cards relating to the pre- 
ceding quarter is simple, with the use of different colors for each quarter. 
When this system is used, it is impossible for a print to be on loan longer 
than approximately three months, and a periodic inventory is obtained 
without disrupting the work of the engineering department. 

ORDERING REGULAR-ISSUE PRINTS 

Efficient operation of the blueprint unit is contingent upon the 
establishment of an efficient procedure for ordering prints. The pro- 
cedure must involve a written order for each print or group of prints 
in order to provide authorization for each reproduction. This method 
of ordering prints will function equally well regardless of whether the 
printing is accomplished by a blueprint unit within Engineering or by a 
commercial blueprint firm. 

Regular-issue prints can be ordered by indicating the required quan- 
tity of prints in the margin of the job ticket (refer to Chap. 9) opposite 
each draw^ing number. If the quantity is identical for all drawing num- 
bers on the job ticket, this can be noted at the top of the form. The job 
ticket then becomes the blueprint unit’s authority to make the required 
reproductions for each drawing release. These prints and the drawings 
of them are forwarded to the release group to identify each with an issue 
number and make the proper distribution. 
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ORDERING SPECIAL-ISSUE PRINTS 

A reproduction order form, similar to that shown in Fig. 10 : 10, should 
be used for ordering special-issue prints. The form provides for order- 
ing prints of 1 to 14 dra'wings and for different tj^es of reproductions. 
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Fig. 10: 10. — Order blank used to requisition all types of reproductions. 


The form is prepared in duplicate, listing the follomng information as 
required: 

Date of Request Date when order was written. 

Date Required. Date when prints are required. 

Dwg. No. Number of drawing or report to be printed. If the document requiring 
reproduction has no number, a brief description is entered. 

Blueprint, B&W, Ozalid Trans., or Blueline. Quantity required of each drawing and 
report listed is entered in the column for the kind of reproduction desired. A 
blank column is provided/ for indicating other reproductions such as Vandyke, 
photoprint, or ditto. 

Roll, Fold. Appropriate space is checked to indicate whether prints should be rolled 
or folded. 

Punch, Bind. Checked when punching or binding is necessary. “Bind” is struck 
out when punching only is required. 

Disposition of Vellum. Where reproducible copy shall be returned when it belongs 
to person ordering prints. 

Stamp. When prints require special stamping instead of the customary “For refer- 
ence only,” this is indicated. 

Requested by. Person requesting prints. 

Department or Group. Requester’s department or engineering group. 
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Supervisor's Approval. Signature of person authorized to approve reproduction 
orders when requester is not authorized. 

Engineering Approval. Signature of chief draftsman required on ^^rush^' orders and 
those originating with other departments. 

Date. Date of engineering approval. 

The completed, approved reproduction order is presented to Engineer- 
ing Files. Engineering Files forwards order and di’awing or other re- 
producible copy to blueprint unit. Blueprint unit makes the required 
reproductions and returns original copy of order, reproductions and 
drawing to the files. Engineering Files assigns and records issue num- 
bers to the prints and delivers them to the requester. The drawing is 
returned to the destination indicated on the order, except that engineer- 
ing-file drawings are retained by the files after printing. 

A special-issue print should be authorized only upon valid evidence 
that file prints cannot be used or when the print is to be forwarded to 
another department or company. The personnel authorized to approve 
reproduction orders should be limited to supervisors in order to prevent 
issuance of unnecessary prints. 

Reproduction orders are ordinarily handled by the blueprint unit in 
the order of receipt, but circumstances may justify placing an order on 
a rush status to take precedence over other work in the blueprint unit. 
This practice must be carefully controlled in order to avoid the issuance 
of so many rush orders that ^^rush^^ becomes synonymous with “rou- 
tine.’^ All rush orders are approved by the chief draftsman. 

Special-issue prints requested by other departments cannot be per- 
mitted to interfere with the production of regular-release prints neces- 
sary for factory operations. These orders require the approval of the 
chief draftsman. It will then be apparent to the chief draftsman when 
the burden of work from other departments becomes excessive, and 
measures can be taken to enlarge the blueprint facilities or divert the 
work from other departments to a commercial blueprint firm. 

All reproduction orders must be handled by Engineering Files except 
regular-release orders, which are handled by the release group. If every- 
one desiring prints is permitted to take an order to the blueprint unit 
personally, confusion will result — ^for each person is always positive that 
his prints are more important than those of anyone else. 

RECORD OF PRINT DELIVERIES 

^Prints delivered within the company do not ordinarily require ac- 
knowledgement of delivery. A copy of tt^e job ticket for regular-issue 
prints or the original copy of the reproduction order for special-issue 
prints serves as a delivery notice. When prints are forwarded to desti- 
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nations outside the company, it is desirable to accompany them with a 
shipping notice prepared in duplicate. The original copy is retained by 



Fig. 10:11. — Shipping notice for record of print deliveries. 


the addressee; the duplicate is signed and returned as acknowledgment 
of receipt. A specimen shipping notice, shown in Fig. 10:11, lists the 
following information: 

Number. Drawing numbers of prints forwarded. 
hsvp Issue number of each print foi^'arded. 
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Date, Date of shipment. 

Job No, Job ticket number authoiizing print release. 

Remarks. Notation of data peculiar to shipment. 

Received by. Signature of person receiving prints on duplicate copy, then returned 
to Engineering. 

Department. Name of department or company receiving prints. 

Date. Date when prints are received. 

Should interdepartmental complaints result from alleged failure to 
receive proper print shipments, it may be necessary to use the shipping 
notice for regular-issue print deliveries within the company. This prac- 
tice should be avoided w'henever possible since it introduces additional 
expense that can be eliminated by improved departmental cooperation. 

In the event of persistent complaints regarding improper deliveries of 
special-issue prints, the spaces marked “Rec’d by” and “Date” in the 
upper left comer of the reproduction order can be used as an acknowl- 
edgment of delivery. The original copy of the order, returned to Files 
with the prints, is signed by the requester upon delivery of the prints 
and retained by Files as a delivery record. This practice can be elimi- 
nated in a properly organized engineering department but may be 
necessary when considerable inexperienced personnel is employed. 

CONTROL OF OTHER-COMPANY PRINTS 

Reference prints received from other companies are kept m the en- 
gineering files and loaned in the usual manner, except for a ruling that 
all loans must be returned before the close of each workday. This policy 
provides control over the location of other-company prints and effec- 
tively prevents their loss. The loss of an other-company print is more 
serious than loss of an engineering-department print because important 
work may be considerably delayed while a duplicate is obtained. 

An inventory record, similar to that maintained for engineering-de- 
partment drawings, can be used for other-company prints. It is more 
useful, however, to have a cross-reference inventory with three cards 
for each print: one by print number, another by print name, and a third 
by company name. Draftsmen will come to the files with a vague de- 
scription of the other-company print desired. One may remember only 
the name of the print; another the name of the company ; whereas a third 
may know the number of the print desired. The prints should be filed 
in numerical order, with the inventory record indicating the change 
letter or number appearing on each. 

It may be necessary to maintain files of duplicate tracings of other- 
company drawings. This is the case when special parts manufactured 
by other companies are incorporated in a product designed by the en- 
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gineering department. It is then essential to furnish prints of other- 
company drawings to the receiving, inspection, and assembly depart- 
ments, in addition to copies in engineering files. These other-company 
drawings are Iiandled similarly to the drawings produced by the engi- 
neering department, being forwarded to the release group for release 
and then to the files for storage. The records maintained are identical 
■with those for drawings produced in the engineering department. An 
arrangement must be made with the company holding the original draw- 
ings to forward a duplicate tracing of each change. These changes are 
released in the same manner as changed versions of drawings made in 
the engineering department. 

CONFIDENTIAL DRAWINGS AND PRINTS 

Installation and assembly drawings revealing the function of an 
article classified as “confidential” should be handled as confidential 
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Fig. 10:12. — Printing record block for confidential drawings. 


drawings. Subassemblies and details of these drawings ordinarily need 
not be considered as confidential. A definite effort should be made to 
maintain the quantity of confidential drawings at the minimum because 
each requires special handling -with additional expense. 

A procedure must be inaugurated to govern the establishment of con- 
fidential status for drawings. An acceptable method for government 
contracts involves the mutual agreement of the chief engineer and gov- 
ernment representative as to what dra'wings are considered confidential. 
A list of these confidential drawings is furnished the release group, En- 
gineering Files, blueprint unit, and all recipients of regular-release prints. 

Confidential drawings are identified by placing the word “confidential” 
(printed in boldface letters, 1 in. high) on a 6-in. wide protector strip 
forming an extension of the tracing's right-side margin. A printing record 
similar to that shown in Fig. 10 : 12 also appears on the protector strip. 
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Ail persons involved in the authorization, reproduction, and receipt 
of each confidential print must affix their signatures in the printing- 
record block on the drawing. A special-issue print record similar to that 
shovm in Fig. 10:7 is maintained in the engineering files. Each print 
of a confidential dravfing requires the signature of the chief engineer or 
of a person delegated by the chief engineer. Prints of confidential 
drawings are obtained b}^ writing a reproduction order in the usual man- 
ner. It is the chief file clerk^s duty to obtain the drawing, secure the 
necessary signatures and prints, and deliver them — then return the 
drawing to Files. 

Only a “vault copy’' of each confidential drawing should be in the 
files since there must not be a regular release of these drawings. All 
prints required for the factory are individually authorized. A minimum 
of factory prints should be issued, and the foremen receiving them are 
responsible for their safekeeping and return, 

ENGINEERING REPORTS 

The term “engineering report” includes all specifications, stress analy- 
sis, sales reports, service bulletins, handbooks, manuals, and other docu- 
ments prepared by the engineering department for distribution outside 
engineering. Many of these documents are equally important as draw- 
ings and should receive the same care. 

The original, reproducible copy of each report is filed in the same 
manner as a drawing, and at least one file copy of each should be avail- 
able for loan. The filing, records, and loans should be accomplished 
similar to dravdngs and prints. 

The numbering, release, and distribution of reports are normal func- 
tions of the engineering librarian and are detailed in Chap. 14. A small 
engineering department, in which the existence of a separate library 
function cannot be economically justified, should have this work accom- 
plished by Engineering Files, but the methods described in Chap. 14 
stm apply. 

BLUEPRINT UNIT 

The blueprint unit is usually a part of engineering but may sometimes 
be a commercial blueprint company. When the work is accomplished 
within Engmeering, the blueprint unit should be operated as though it 
were a small business enterprise, divorced from actual contact with the 
general engineering personnel. Ail ordering and delivery of work are ac- 
complished through the release and engineering-file groups. In this 
manner an efficient blueprint unit can be operated and minimum cost 
maintained. 
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Several methods are used to produce drawing reproductions, but these 
can be grouped into two basic forms: (1) blueprints and (2) direct-line 
prints. The former class includes blue-line prints, which are simply 
prints produced on blueprint paper by using a Vandyke negative of the 
original drawing. The latter class includes the Ozalid, Bruning, and 
related methods of produciug a black- or bro\vn-line print directly from 
the drawing. 

The relative merits of these processes are governed by the quantity 
of reproductions involved. The blueprmting process is most economi- 
cal and rapid when large priut quantities are required. This provides a 
continuous backlog of work in order to insure operation of the printing 
machine a greater part of the working day. On the other hand, the 
blueprinting process requires a complicated installation. This involves 
a continuous supply of fresh water, sewage connections for waste water, 
and considerable space for the machine itself. 

A direct-line printer is usually more practicable than a blueprint in- 
stallation for a small engineering office. The space requirements are 
less, and the initial cost is low^ The installation can be readily moved 
in the event of departmental rearrangements and requires less training 
for the operator. All direct-line printers are either (1) dry developing 
or (2) wet developing, and choice of the process is governed entirely by 
the preference of the purchaser, as both give satisfactory results. It is 
well to keep in mind, however, that since dry-developing machines 
usually employ ammonia gas as the developing agent, a fume hood with 
adequate forced-draft ventilation must be provided. Wet-developing 
machines, on the other hand, require frequent mixing of fresh developer 
and cleaning of the developing apparatus but do not ordinarily need a 
fume hood. 

A large engineering department should have both a blueprint ma- 
chine and a direct-line printer in the blueprint unit, similar to the ar- 
rangement shown in Fig. 10:13. Here, the blueprint machine is seen in 
the foreground, and in the background there is a wet-developer direct- 
line printer. When both types of printing machines are available, the 
blueprint machine can be used for all production runs, such as drawing 
releases, and the direct-line printer for miscellaneous printing of reports, 
specifications, reference prints of drawings, standards-book pages, and 
the like. The direct-line machine is particularly adapted to the printing 
of report and specification pages. Sheets of sensitized paper cut to 8J4 
by 11 in. can be obtained to eliminate the annoyance of hand-trimming. 

In the choice between the blueprint or direct-line process, an impor- 
tant factor is the feasibility of continuously feeding sensitized paper 
through a blueprint machine. The prints are trimmed to size as the 
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paper discharges from the back of the developing unit onto the cutting 
table- Direct-liae machines, on the other hand, do not ordinarily have 
a precise feeding mechanism, and it is difficult to print a drawing longer 
than 12 ft. without having the paper wrinkle. The operator must cut 
the sensitized paper and reinsert it between the feed belts for each draw- 
ing printed. 

Irrespective of the nature and quantity of equipment in the blueprint 
department, it should be operated on the basis of a separate ^^business.^^ 
All orders and deliveries are then handled through the engineering 



Fig. 10:13, — ^Blueprint unit in typical en^eering department. {Courtesy Ryan Aerch- 

nautical Co.) 


release and files groups. This list of “customers’^ can be expanded to in- 
clude the engineering hbrary in the case of reports. Furthermore, it is 
vitally necessary to provide ample space, adequate lighting, and proper 
ventilation if efficient operation is to be achieved. 

USE OF DUPLICATE TRACINGS FOR PRINTING * 

An engineering department serving a large factory must frequently 
supply several dozen prints of each drawing release. Obviously, re- 
peated printing will rapidly deteriorate the drawings, and an arrange- 
ment must be found to reduce the wear on the drawings. This problem 
can be solved by using the original drawing only to prepare a duplicate 
tracing upon each release. The original drawing is then returned to 
Files until required for a drawing change. The duplicate tracing (which 
may be Vandyke, direct-line transparent, or phototracing) is used for all 
printing and is discarded when the drawing is rereleased under the next 
change letter. The cost of preparing a duplicate tracing is negligible 
when compared with the cost of retracing the original drawing. 
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TYPESCRIPT-DUPLICATION PROCESSES 

Every engineering department has a need for the rapid, inexpensive 
duplication of typescript material, and either the hectograph or mimeo- 
graph process is satisfactory for this purpose. The equipment should be 
located in the blueprint unit in order to provide centralized control of all 
duplicating processes in the engineering department. It is sometimes 
believed that the typescript-duplicating equipment for the entire fac- 
tory should be centralized in one location. Although there is much in 



favor of this arrangement, an exception must be made in the case of 
Engineering. This is due to the fact that Engineering frequently issues 
emergency instructions to the factory that require immediate duplica- 
tion and distribution (see Chap. 11). Routing these instructions through 
a central duplicating department frequently causes their distribution to 
be delayed. This cannot be tolerated, and the best solution is separate 
duplicating facilities for Engineering. 

CONTROL OF ORIGINAL AND DUPLICATE METAL DRAWINGS 

Some engineering departments prepare drawings upon metal sheets in 
order to permit the reproduction of metal copies of the original drawings 
to exact scale. These copies are used to make templates (or even actual 
parts for an experimental model) by trimming around the outside edges 
of the developed pattern shown on the drawdng. When metal drawings 
are used in conjunction with drawings prepared upon transparent me- 
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dixims, additional filing, reproduction, and distribution problems are 
introduced. Such difficulties can be overcome by applying the basic 
methods outlined here for cloth and paper drawings. 

Metal drawings are filed by drawing number in the same manner as 
other draAvings, but special filing provisions are necessary. Racks with 
vertical slots to support the metal sheets in an upright position are used. 
An inventory system identical to that maintained for the other draw- 
ings can be employed. All reproductions can be ordered and released 
in the manner previously described for transparent drawings. Distribu- 
tion of metal-drawing reproductions can be handled similarly to prints 
of tracings. 

In keeping with a policy of centralized control over all engineering 
reproduction processes, the reproduction of metal drawings should be a 
function of the blueprint unit. There are several methods of reproduc- 
ing metal drawings, including (1) photographic, using glass negatives; 
(2) contact printing, wdth fluorescent coatings on the metal ; (3) contact 
printing by X ray; and (4) lithographic prints. Each method requires 
extensive equipment, including cameras, large developing and fixing 
tanks, printing frames, and silk-screen coating equipment. In each case 
adequate, well-planned working space is required for efficient operation. 


SUMMARY 

The information contained in this chapter can be briefly summarized 
as follows : 

a. The establishment of practical, efficient procedures (1) to control the handling 
and filing of drawings and (2) to order, issue, and recall prints is a prerequisite to 
efficient operation of an engineering department, 

b. Drawings are stored in the engineering files and made the responsibility of a 
designated employee. An inventory record is maintained for the drawings. 

c. Drawings are normally loaned by the files only for drawing changes or printing. 

d. A written charge-out record is maintained for all drawings loaned by the files. 

e. All prints prepared from company drawings are assigned issue numbers in 
order to establish individual identity, and a record is maintained of print distribution. 

/. Prints reissued on a drawing change bear the original issue number, suffixed 
with the change letter, and are forwarded to the destinations of the original issue. 

g. Print files are kept up to date by attaching one copy of each drawing attach- 
ment immediately upon receipt and by promptly replacing superseded prints. 

h. A written charge-out record is maintained for all prints loaned by the files. 

i. An inventory of the drawings and prints in the file is taken at regular intervals. 

j. The system of ordering reference prints of drawings and documents permits 
the blueprint unit to fimction as a separate enterprise. Orders are received from a 
few designated sources rather than from the entire engineering department. 

h A procedure to insure the security of confidential drawings and prints is neces- 
,sary. 
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l. Reference prints and drawings received from other companies are filed, re- 
leased, and loaned in an orderly manner, similar to that used for engineering-depart- 
ment drawings. 

m. A system is established to govern the filing and handling of engineering docu- 
ments, including reports and specifications. 

n. Duplicate tracings are used for printing purposes whenever large print quan- 
tities are required. 

0 . Facilities for duplication of typewritten material should be provided for the 
engineering department and handled by the blueprint unit. 

p. When metal drawings are used, it is necessary to provide facilities for their 
filing, reproduction, and distribution; the basic methods used for cloth and paper 
drawings can be applied. 



CHAPTER 11 

ADVANCE ENGINEERING INFORMATION 


Every engineering department requires simple, practical means for 
rapidly issuing instructions to the manufacturing departments- The 
time needed to issue a new drawing or a drawing change usually renders 
these mediums unsatisfactory, and new methods must be developed. 
They must adequately provide for issuance of stop orders to halt manu- 
facture of a specified part immediately, advance drawing changes to pro- 
vide immediate drawing-change information, and special engineering 
orders authorizing tests, drawing deviations, and parts salvage. 

A small engineering department will have correspondingly little need 
for the advance drawing change since the time required to check and 
approve a drawing change prior to release (see Chap. 9) is often suffi- 
ciently short to permit issuing new prints on all changes. This is not 
the case in a large department, where a week or more may be required 
to process the drawing through the release system. In all cases there 
is a genuine need for stop orders and engineering orders. A positive 
method of halting manufacture is vitally necessary, and there must 
always be a definite record of drawdng deviations and salvaged parts. 

Three documents are used for transmittal of advance engineering 
information: a stop order, advance drawing change, and engineering 
order, as shown in Figs. 11:1, 11:5, and 11:6. Separate, distinctly dif- 
ferent forms are used for each. All possibility of confusion is thereby 
eliminated, and the maintenance of records relating to their issuance is 
greatly simplified. Each is an 8^^ by 11-in. form, preferably a hecto- 
graph master to permit rapid duplication of copies or upon tracing paper 
for blueprint duplication as an alternative. 


STOP ORDER 

A stop order is issued when manufacturing operations must be imme- 
diately halted on parts previously released for manufacture and when 
impending changes wall require rework, scrapping, or disassembly of the 
parts. Considerable judgment must be used in the issuance of stop 
orders, for it may be less expensive to permit completion of some parts, 
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even when it appears that they ^vill be scrapped, than to halt work on a 
large assembly while determining if a few minor parts can be salvaged. 

Stop orders originate in the engineering department upon receipt of 
information that indicates the advisability of halting manufacture of 
the part or parts involved. Pripr to actual issuance of the stop, a ^ Vork- 
status report’^ is obtained from Manufacturing Planning. The informa- 
tion contained in this report permits the engineering supervisor affected 
by the impending change to decide upon the wisdom of issuing a stop 
order. The work-status report is obtained by preparing a stop-order 
original (on hectograph master paper or vellum, as the case may be) in- 
dicating the production serial number of the imit upon which the stop 
will be effective, the model, part name, part number, dash-number parts 
affected (only those listed are stopped), and the reason for the stop. The 
effect of the stop upon raw-stock materials required for manufacturing 
the part is also shown. The specimen stop-order form in Fig. 11:1 is 
used both to issue and to release a stop against a specified drawing, list- 
ing the following information in each case: 

When Stop Order Is Issued: 

Stop-order No. Assigned by engineering release group when stop-order original is 
received. 

Effective on. Production serial number of unit (or numbers if more than one model 
is affected) that stop is effective upon. Work will be completed on all units per- 
ceding this serial number. 

Model. List only models that stop is effective on. 

Part Name. Same as drawing name or title. 

To Be Filled in by Planning. Manufacturing-planning department record of action 
taken to halt manufacture. 

Reason for Stop. A clear, concise explanation of the necessity for issuing the stop. 
Part No. Same as drawing number. 

Serial No. Cost-control record (see Chap. 4). 

Dash Nos. Dash-nuniber parts to be stopped (see Chap. 6). 

Stop Material. Refers to raw-stock material. Check either ^'Yes” or '^No.’^ 

Parts Status. Filled in by manufacturing-planning department when stop-order 
original is forwarded for work-status report. 

Rauhstock Status. Filled in by material-control section of Manufacturing Planning 
when stop-order original is forwarded for work-status report. 

Tooling Status. Filled in by tooling section of Manufacturing Planning when stop- 
order original is forwarded for work-status report. 

Engineering Approval. Originator of stop signs as ^ ^draftsman.” Originator s super- 
visor signs as “group leader, authorizing forwarding to Manufacturing Planning 
for work-status report. Project engineer signs after work-status report is re- 
ceived and decision made to issue stop. Chief engineer (or delegated engineering 
executive) authorizes issuance of stop. 

Planning. Project supervisor in Manufacturing Planning signs before returning 
original with work-status information. “Date stopped” and “signature” for manu- 
facturing-planning record of action taken to halt manufacture. 
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When Stop Order Is Released: 

Stop Order No. The word “order” is changed to “release.” 

Stop Order Is Released as Follows. The method of release is entered in the appro- 
priate space. The “special” block is used when the stop is canceled by entering 
“Use without change.” The signature is that of the engineering supervisor in- 
augurating the stop. 

Disposition of Stock. “Stock” refers to the finished and semifinished parts manufac- 
tured prior to issuance of the stop order and impounded in the stop-order store- 
room. There are five normal conditions of stock disposition: “use,” “rework,” 
“scrap,” “return to stock,” and “none.” The latter is applicable when there is 
no stock. The stock disposition shown must be identical with that shown on the 
relevant drawing-change notice or ADC. 



Fig. 11:1. — Stop order. 


A separate stop order is written for each part to be stopped, although 
several dash-numbers parts can be halted by one stop. This policy of 
individual stops provides a complete and separate history for each draw- 
ing and must be followed to insure a comprehensive drawing-release 
record. Copies of each stop are attached to every print of the stopped 
drawing, and the use of separate stop orders insures halting manufac- 
ture on ail of the parts affected. 
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Work-status Report 

The stop-order original is delivered to the engineering release group 
for forwarding to the manufacturing-planning department. This does 
not constitute release of the stop but simply an official request to Manu- 
facturing Planning to furnish a work-status report on the proposed stop 
order. 

Upon receipt of the proposed stop order by Manufacturing Planning, 
an immediate investigation is made to obtain the required information 
on materials, tooling, and parts affected by the proposed stop. These 
data are entered in the spaces on the stop order marked “Parts Status,” 
“Raw Stock,” and “Tooling.” The proposed stop order is then returned 
through engineering release to its originator as a work-status report. 

After receiving the work-status report the engineering supervisor who 
originated the proposed stop can decide the advisability of its issuance. 
It may be found that, although a change is desirable, the quantity of 
completed parts makes the change unfeasible. On the other hand, large 
quantities of raw-stock materials may have been received, and the time 
delay required to obtain new materials would be prohibitive. A con- 
siderable quantity of expensive tooling may have been completed, and 
the change would necessitate either scrapping or reworking these — with 
accompanying expense and production delay. 

In each case it is necessary to weigh the cost of the change against the 
improvement gained by the change. This assumes that the proposed 
change may be classified as desirable rather than mandatory because of 
design deficiencies or changes in customer requirements. In the latter 
cases there is no question about issuing the stop as soon as possible. 
The work-status report is then useful only in determining the best meth- 
ods of salvaging as much as possible of the completed tooling and parts. 

I 

Effect of Stop Order on Other Departments 

The effect of a stop order upon other departments should also be con- 
sidered when deciding upon its issuance. Issuance of a stop literally 
throws a wrench into the production machinery by immediately halting 
all work upon the part involved. The manufacturing-planning depart- 
ment must immediately recall all shop orders issued for the part and 
locate all parts in process of fabrication or assembly and all completed 
parts in the stock rooms. Both semifinished and completed parts must 
be impounded in a separate stop-order storeroom in order to prevent the 
possibility of their use, and they must remain there until the stop is re- 
leased. 
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This withdrawal of stopped parts from manufacturing results in dis- 
location of production schedules and machine loadings and requires that 
other work be rescheduled immediately to absorb the machine and as- 
sembly time suddenly released by issuance of the stop. Upon subse- 
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Fig. 11 : 2. — Procedure for issuing a stop order. 


quent release of the stop this process must be reversed. Each case up- 
sets a portion of the manufacturing planning; with resultant confusion 
and expense. 

The tool-design and tool-manufacturing departments halt all work on 
the tooling for the stopped part upon receipt of advice from the manu- 
facturing-planning department. There are corresponding schedule 
changes and impounding of tooling in process and stores and of tools 
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used by the factory. Material-control and -purchasing departments 
take action to halt deliveries of raw-stock materials in some casas, and 
the outside-production department is affected by stops on parts sub- 
contracted to feeder shops. 

If the possible cost and confusion resulting from issuance of a stop are 
considered, it is obvious that this innocuous-appearing document should 
be issued only in extreme cases. Its use should be restricted to urgent, 
mandatory changes, where it is known that aU future expenditure on 
the part will be waste. In such cases there should be no hesitation re- 
garding issuance of a stop order. Even though a drawing change could 
be completed and released within two days, the immediate issuance of a 
stop order might easily avoid the manufacture of several hundred use- 
less parts. 

IssunsTG A Stop Order 

If, after weighing all factors involved, it is decided that issuance of a 
stop order is justified, the approval of the project engineer and chief 
engineer is obtained, and the stop-order original is forwarded to Engi- 
neering Release for duplication and distribution of the required copies. 
Should the decision be not to issue the stop, the original is marked 
^^Void,^^ together with the originator^s signature and the date, and is 
forwarded to Release. Copies are distributed only to the engineering 
department and to manufacturing-planning files; none are attached to 
prints. This informs Manufacturing Planning of the disposition of each 
proposed stop order and avoids uncertainty regarding pending stops. 
This is necessary in fairness to Manufacturing Planning since each stop 
dislocates their production ^'machinery,” and even the suggestion of a 
stop is cause for concern. 

Emergency Stop Order 

Circumstances may arise that make mandatory issuance of an imme- 
diate stop on a certain part. This can be done without securing a work- 
status report from Manufacturing Planning, upon authorization by the 
chief engineer. 


Stop Orders on Experimental Models 

Stop orders on parts for experimental models are not sent to Manu- 
facturing Planning for a work-status report, as shown by the routing in 
Fig. 11:2. The quantity of parts and materials involved with an ex- 
perimental model is small, and speed in issuing the stop is of paramount 
importance. 
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Stopped Drawing Cannot Be Rbeeleased 

Issuance of a stop order not only halts all work in the factory on the 
part affected but also prevents further release of its drawing. In other 
words, the stop must be released before the drawing can be rereleased 
under the next drawing-change letter. Dramng changes on a stopped 
part are w^asted effort unless for the purpose of releasing the stop. 
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Fig. 11:3. — Stop release. Accomplished in this case by issuance of a new drawing. 


Release of Stop Order 

After the necessary drawing changes have been made, the stop order 
is released by entering appropriate information at the bottom of the 
stop original and substituting the word “Release^’ for the word ^^Order” 
at the top of the form, as shown in Fig. 11:3. The original used to issue 
the stop is employed to effect its release. Thus both the stop and its re- 
lease bear the same serial number to » insure immediate coordination. 
The stop release accompanies the new and/or changed drawings effect- 
ing the release throughout the engineering checking and approval sys- 
tem. In no case is the stop release forwarded separately. 

The stop release always indicates disposition of parts in finished stores. 
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All drawing notices of change and ADC^s involved in releasing the stop 
must show identical stock disposition instructions and bear the notation 
'^This releases stop order (number).” 


Canceling a Stop Order 

Sometimes it vnll be found that a stop has been issued in error, or 
subsequent investigation may reveal facts that make the. stop unneces- 
sary. In such cases the stop order is canceled. This is accomplished 
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FiO- 11:4. — Procedure for releasing a stop order. 

by placing the notation ‘^Use without change” in the stop-release block 
entitled '^Special” and for^varding the stop original to Release for dis- 
tribution of copies. In this case neither drawings nor ADC’s would ac- 
company the stop release. 

Records op Stop Orders and Stop Releases 

A record of each stop order and stop release is maintained by Engi- 
neering Release, using the drawing-status record cards for that purpose 
(see Chap. 9). The stop-order number, date, and production serial 
number of the unit upon which the stop is effective are recorded at the 
time when copies of the stop are distributed. Upon release of the stop 
being effected, the date of its release is posted on the record. A red 
signal is placed upon the status card for the stopped drawing when the 
stop is distributed and remains until the stop is released. 
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Stop orders should be released as soon as possible since each repre- 
sents a production delay. The stopping of one part usually results in 
hindering the completion of others. A stopped detail part prevents 
completion of its next assembly, and lack of the next assembly may pre- 
vent completion of the final assembly. A weekly summary of stop 
orders and stop releases is prepared and distributed to all engineering 
supervisors and executives by Release. This report lists all active stops 
and those released during the preceding week and serves as a reminder 
to take action on unreleased stops. 

ADVANCE DRAWING- CHANGE 

The advance drawing change (ADC), shown in Fig. 11:5, is used by 
the engineering department when the need for drawing-change authori- 
zation is so urgent that it cannot be handled with suflSlcient rapidity 
through the regular release procedure. Issuance of an ADC is a guaran- 
tee that the drawing wiU be changed accordingly and rereleased as soon 
as practicable. An ADC may be issued in lieu of a drawing when time 
does not permit preparing and releasing a new drawing in the usual 
manner. In such cases a new drawing number is assigned for the new 
part described by the ADC. 

The ADC is used only for information to be incorporated in a drawing. 
The issuance of special information not relating to drawing changes is 
accomplished by the engineering order shown in Fig. 11:6. In this man- 
ner it is possible readily to segregate advance engineering information 
relating to dra^ving changes from that involving items that do not affect 
drawings. 

A copy of each ADC is attached to every print of the drawdng affected. 
Their use permits immediate issuance of change information wdthout 
the necessity of reprinting the drawing and issuing revised prints to all 
departments. The use of an ADC effects a considerable saving in the 
case of a minor change on a large drawing by eliminating printing many 
copies of the drawdng. 

After several ADC's have been issued against a drawing, it is brought 
up to date by incorporating all the ADC information and then rereleased 
xmder the next change letter. In this manner it is necessary to print and 
distribute copies of the drawing far less frequently than would be re- 
quired by rereleasing the drawring for each individual changed item. In 
the case of major changes, however, it is usually better to change the 
drawing than to issue an ADC. It is generally difl&cult to describe a 
major change adequately within the space available on an ADC. 
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Preparation ani> Approval op ADC 

Each ADC is prepared by or under the direction of an engineering 
supervisor. Sketches and explanations are used to indicate clearly the 
action to be taken by manufacturing departments. It is rarely neces- 
sary to use precision drafting when preparing an ADC. The prime rea- 
son for its issuance is speed in conveying information to the manufactur- 
ing departments, and in most cases freehand sketching is entirely ade- 
quate. Accurate information is the important consideration. ADC’s 
should be issued on a form similar to that shown in Fig. 11:5, which 
provides for the following information: 

Body of ADC, The body of the ADC is used to detail information conveyed to the 
manufacturing departments. A grid of light-blue lines provides an aid to sketch- 
ing. The zone location of the change should be indicated. 

ADC No. Assigned by engineering-release group when ADC original is received. 
Written against . . ' . Change Print. Drawing-change letter appearing on drawing 
at the time when the ADC is prepared. Copies of the ADC are attached only to 
prints bearing this change letter. 

Model. List only models on which ADC is effective. 

Effective on. Production serial number of unit (or numbers if more than one model 
is affected) on which change is effective. AU units preceding this serial number 
will be completed without the change described by the ADC. 

Drawing Title. Title of drawing to be changed. 

Next Assembly No. Number of next assembly of drawing to be changed. Indicate 
if “affected’’ or “not affected” by the change described on the ADC. If affected 
separate ADC’s must be simultaneously issued to describe the change required on 
each next assembly. 

Interchangeability. Indicate if interchangeability of the part (drawing) will be “af- 
fected” or “not affected” by the change. If affected other ADC’s must be simul- 
taneously issued to provide adequate service data stipulating the serial numbers 
of units using old and new versions of the part. See Chap. 12 for detailed instruc- 
tions. 

Dwg. Serial No., Dash No., Project No., and Item No. Cost-control record (see 
Chap. 4). 

Released. Release date of ADC. Entered by release group. 

Change Request No. An ADC issued in response to a drawing-change request shows 
here the serial number of the request. 

Reason. A clear, concise explanation of the necessity for issuing the ADC. 

Check Tooling Affected. Indicate ff the change wiU affect a “mold,” “forging,” 
“die,’' “pattern,” noaster jig fixture (MJF), template (Temp), or assembly jig 
(AJ). If tooling is not affected, place “None” in blank space. 

Disposition of Stock. Stock refers to completed parts that do not incorporate the 
change described by the ADC and has no relation to raw-stock material. Check 
the desired disposition. If ADC is issued in conjunction with a stop release, the 
stock disposition must be identical with that shown on the release. 

Signature Block. Originator of ADC signs as “draftsman.” Originator’s supervisor 
signs as “section leader,” authorizing the forwarding of ADC to Release. Super- 
visors of release-system stations sign in ^KDheck,’^ “Stress,” “Tooling,” “Manu- 
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facturing-Planning/' and "Troject^Engineer'" spaces. Customer's representative 
dgns in “Government” space if changes require customer approval. This should 
be changed to “Customer” when the product is not manufactured under govern^ 
ment contract. Release supervisor signs in '^Release” space when ADC com- 
pletes system. 

Special InfoTTmtion. Occasional ADC’s require special information not provided on 
the form shown in Fig. 11:5, and this can be added as notes above the title block. 
When another company is manufacturing the identical article imder license, it is 
necessary to note “Mandatory Change for Prime Contractors” on all ADC’s that 
must be incorporated on parts manufactured by the other company. Only changes 
affecting interchangeability, performance, or structural integrity are usually con- 
sidered mandatory. When an ADC is issued to cancel a drawing, it is always 
necessary to note either “Replaced by (dwg. no.)” or “Not Replaced.” 
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Pig. 11:5- — ^Advance drawing change. 

Following preparation and approval by the supervisor in charge of the 
originating engineering group, the ADC is forwarded to Release for 
serial-number assignment and routing through the system. The release 
system should be similar to that shown in Fig. 11:7. This provides for 
checking and approval by a checking group, stress group, manufactur- 
ing-planning department, project engineer, and customer's representa- 
tive. A small engineering department or one engaged in the design of 
comparatively simple products will not usually require the complete 
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system shown in Fig. 11:7. In such cases the system can usually be con- 
fined to checking^ followed by the chief engineer's approval. Cxxstomer's 
approval is usually required only in the case of government contracts 
on complex articles manufactured in accordance with government de- 
sign specifications. 

The checker’s investigation consists of a ^‘spot check” to ascertain 
that the ADC is properly prepared, with all required data entered in a 
legible and understandable manner, and that it appears reasonable and 
proper. Accuracy of the change information in the ADC is the liability 
of the engineering supervisor responsible for its issuance. 

Time is the essence of an ADC since the only justification for its usage 
is decreasing the time required to issue information to the manufacturing 
departments. The routing of ADC’s through the checking and approval 
system cannot be left to chance and should be made the prime duty of 
an alert, aggressive member of Release. This employee personally for- 
wards ADC’s between release-system stations and maintains a record 
of the time at each station in the system. A total system time of 4 hr. is 
the maximum that can be allowed for an ADC, and it is the duty of the 
ADC dispatcher to effect the release within that period. When an ADC 
is delayed owing to circumstances beyond the authority of the dis- 
patcher, he immediately refers the case to the chief draftsman or chief 
clerk, depending upon what phase of the release system is at fault. 

Distribution of ADC 

After the ADC completes the system, the required copies are dupli- 
cated and distributed by Release. In addition to copies for various files 
throughout the company, one copy is attached to each regular-issue print 
of the drawdng affected. Whenever an ADC is attached, a small hole is 
punched in the margin of the print directly below the title block. This 
provides a ready check upon the completeness of ADC’s attached to the 
print. There should be the same number of ADC’s attached as there are 
holes punched in the print margin. If not, the user of the print should 
obtain from Release the serial numbers of all active ADC’s issued against 
the drawing. The imssing attachments can then be identified and copies 
obtained from Release. 


Supplementary Sketch 

When the ADC form does not provide sufficient space to describe the 
change adequately, a supplementary sketch must be -made on tracing 
paper. The ADC is prepared in the usual manner except that it is 
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plainly marked ‘'Sheet 1 or 2 Sheets/^ The supplementary sketch is not 
aligned a drawing number but instead is identified in the lower right- 
hand comer with the corresponding ADC serial number and is marked 
“Sheet 2 or 2 Sheets.’^ All signatures appearing on the ADC also appear 
on the sketch. This can be facilitated by using a rubber stamp to im- 
press a duplicate of the ADC title block on the sketch. The ADC and 
sketch are routed together, and when the system is completed, the sketch 
is forwarded by Release to the blueprint unit for preparation of the re- 
quired prints. The supplementary sketch is forwarded to Engineering 
Files for filing with the ADC original after the necessary prints have been 
obtained. 


Emergen-cy ADC Issued by Liaison Engineer 

In every manufacturing enterprise of any size there is usually an 
engineering liaison function. The personnel assigned to Liaison Engi- 
neering serve as the only direct contact between engineering and the 
manufacturing departments, receiving and answering all requests for 
engineering information and assistance. This insures that all requests 
from the manufacturing departments are quickly and accurately an- 
swered and provides complete coordination between Engineering and 
the other departments. In the absence of an engineering liaison func- 
tion it will be found that an unreasonably large portion of each engi- 
neering supervisor’s time is spent handling requests from the factory. 
Even worse, much misinformation will be supplied the manufacturing 
departments — as the inevitable result of decentralized responsibility. 

The liaison engineers represent the most experienced, competent engi- 
neering personnel and should be authorized to issue emergency ADC’s 
without the necessity of formal checking and approval. The issuance of 
emergency ADC’s, however, is confined to cases arising after the nor- 
mal working hours of the engineering department or when the need for 
engineering authorization is so urgent that it cannot be handled through 
the regular release procedure. 

Each emergency ADC has its serial number prefixed X for identifica- 
tion. In some cases it may be necessary for the liaison engineer to ob- 
tain approval of the customer’s representative prior to releasing the 
ADC. Only sufficient copies are distributed to take care of the immedi- 
ate need, and the ADC original is then forwarded to Release for process- 
ing by the usual checking and approval system. After the ADC has 
completed the release system, the X is removed from its serial number, 
and copies are distributed in the usual manner. 

If the emergency ADC is found undesirable or in error when checked, 
it is plainly marked “Canceled,” together wdth authorizing signature 
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and date, then duplicated and distributed in the usual manner. Another 
ADC is simultaneously issued to provide the correct information and 
cross referenced to the canceled emergency ADC. When competent 
personnel are assigned to Liaison Engineering, the quantity of incorrect 
emergency ADC's will be small. 


Indicating Relevant Drawing Change 

All ADC's show, in the space marked “Written against — Change 
Print," the change letter appearing on the dravung at the time when 
the ADC is written. Thus, the letter D appearing in the change-letter 
space indicates that the ADC affects the D change version of the draw- 
ing. A copy of this ADC is attached to each regular-issue D change 
print. ADC's written against drawings that do not bear a change letter 
show a dash in the change-letter space. 


Correcting Erroneous ADC 

Changes cannot be made on an ADC after its release. Should it be 
found incorrect, another ADC is issued noting that “This cancels ADC 
(number)." ' If additional information must be provided, another ADC 
is issued, noting that “This supplements ADC (number)." Attempts 
have been made to assign change letters to ADC reissued with altera- 
tions or corrections, but these always ended in confusion and costly 
errors. In each case the privilege was abused by careless, indolent engi- 
neering personnel, resulting in such documentary monstrosities as a C 
change ADC using three colors of hectograph carbon to distinguish 
among the several changes, with the original information illegible from 
repeated printing of the hectograph master. 


Separate ADC for Each Changed Drawing 

A change affecting several drawings requires a separate ADC for each 
drawing involved. In no case does one ADC relate to more than a single 
drawing. Several dash numbers on one drawing, however, can be af- 
fected by a single ADC. Tins procedure insures orderly release, record- 
ing, and distribution. Release of ADC's affecting several drawings 
would cause wide variation in the quantity of copies, resulting in con- 
fusion and mistakes by Release. The possibility of a multiple ADC be- 
ing simultaneously incorporated in all drawings affected would be re- 
mote, and an ADC might be active against one drawing and incorpo- 
rated in another. 
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EprEcriVB Serial Number 

The production serial number upon which an ADC takes effect is 
obtained from the manufacturing-planning department except in the 
case of mandatory changes that must take effect upon a certain unit 
regardless of disruption of production schedules. In all other cases the 
desired effective serial number is shown on the ADC when forwarded to 
Manufacturing Planning for confirmation. If the requested serial num- 
ber cannot be met without disrupting production schedules, it will be 
changed by Manufacturing Planning to a satisfactory point. Engi- 
neering’s selection of a reasonably effective serial number is greatly 
simplified when Manufacturing Planning uses a block-release system for 
issuance of shop orders. Thus, all changes within a given calendar 
period accumulate against the starting serial number of the next produc- 
tion release. 

In general, it is not economical to issue ADC^s against small drawings, 
such as the so-called A and B sizes of by 11 and 11 by 17. Instead 
the change should be made directly upon the drawing affected. Excep- 
tions to this rule are emergency ADC's issued by liaison engineers. 


Record of ADC's Issued and Incorporated 

Whenever an ADC is incorporated in its drawing, the ADC original 
is marked “Incorporated/' with date, change letter, and signature of the 
person obsoleting the ADC. The obsolete original is then returned to 
engineering files. 

The drawing notice of change accompanying a changed drawing lists 
the serial numbers of all ADC's incorporated by the change in the 
“Authority for Change" column (see Chap. 12). This authorizes Re- 
lease to list the ADC's as incorporated on the status-record cards for 
the drawing affected. The drawing-status record cards (see Chap. 9) 
provide for listing all ADC's issued against each drawing as well as a 
column for indicating the change letter incorporating each. This in- 
formation is entered by Release, first, when the ADC original passes 
through Release and later when the changed prints incorporating the 
ADC are released. 


Tool-design Check of Production ADC 

It may be found desirable to route all ADC's affecting production 
models to the tool-design department prior to their release. This will 
prevent release of ADC's that adversely affect tooling and avail Engi- 
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neering of information on alternative methods of accomplishing the 
change at less expense. When this practice is followed, Tool Design 
checks all production ADC^s for effect upon tooling and approves those 
found satisfactory. Objectionable ADC’s are referred to the project 
engineer in order to arrive at a compromise satisfactory to both the en- 
gineering and tool-design departments. 

ENGINEERING ORDER 

The engineering order (EO) form shown in Fig. 11:6 is used by the 
engineering department to effect the rapid release of information not to 
be incorporated in a drawing, such as drawing deviations, parts salvage, 
test instructions, and authorization for manufacture of mock-up parts. 
Engineering orders are not issued to cover design, material, or dimen- 
sional changes, except as temporary or salvage deviations on items not 
affecting interchangeability. An EO should affect as few units as possi- 
ble and never be issued to cover large portions of a contract. An ADC 
should be issued when a quantity of units are involved. 

A deviation EO is frequently issued to authorize the rework of parts 
as a “quick fix” in cases where the actual production drawing change 
will involve a different alteration of the parts. Parts that deviate from 
their drawing in a manner that cannot be reworked to the drawing di- 
mensions are often usable. In such cases the parts are not scrapped, and 
an EO deviation authorizes their acceptance by the inspection depart- 
ment as salvage. As shown in the example in Fig. 11:6, each EO must 
contain the following information to be complete for release: 

Body of EOj Engineering Order No., Dwg. No., Dwg. Title, Model, Effective on, Project 
No., Dwg. Serial No., Dash No., Written against . . . Change Print, Reason for 
EO, Disposition of Stock, Signature Block. Information similar or identical with 
that specified for an ADC. 

Salvage Ticket No. Serial number of the relevant Lospection-department salvage 
ticket is entered on an EO issued as engineering authorization for use of salvage 
parts. 

Requested hy, Dept. No. Name and department number of person requesting EO. 
Test, Loft, Mock-up, New Standard, Deviation. Check the applicable square to indi- 
cate purpose of EO. A “new standard” EO describes a new standard part or 
design when there are several divisions of the company, and new standards must 
be coordinated with all divisions before issuance as a universal company standard 
(see Chap. 6). 

The basic procedure for releasing an EO is similar to that used for 
ADC’s, as shown in Fig. 11:7. The only variation is elimination of 
Manufacturing Planning as a station in the release system. Engineer- 
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ing orders do not affect tooling, and the effective serial number is usually- 
based upon actual need for a dra-wing de-viation effective on certain uni-ts. 



Fig. 11:6. — Engineering ord^. 


EO FOR Test or Mock-up Parts 

When an EO is issued to authorize fabrication of a new test part or 
installation, it is necessary to assign a drawing number to identify the 
part or installation. The serial number of the EO requiring issuance of 
the new drawing number is shown in the drawing-number assignment 
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Fig. 11:7, — Release procedure for advance drawing changes and engineering orders. 
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record. If the test part is found to be satisfactory for production, a 
drawing or ADC is issued formally to release the part for manufacture. 
If the test part is unsatisfactory, the drawing number is canceled. When 
the EO describes an assembly, dash numbers must be used to identify 
detail parts thereof unless they are described by detail drawings previ- 
ously released. Dash numbers used for EO part identification are not 
dash numbers of a drawing and are prefixed with the EO number: thus, 
^^EO— 1234-7.’^ 


Procedure and Records 

The general rules governing advance drawing changes also apply to 
EO's. The principal difference in procedure for the two documents is 
the fact that EO^s are never incorporated in the drawing and are listed 
on the drawing-status record cards for reference purposes only. One 
copy of the EO is attached to each regular-issue print bearing the change 
letter shown On the EO. 


SUMMARY 

Efficient distribution of engineering information to manufacturing 
departments requires mediums that (1) facilitate rapid halting of manu- 
facturing operations, (2) quickly convey drawing-change information to 
the factory, and (3) provide an expeditious means of issuing ’approved 
engineering instructions that do not involve drawing changes but relate 
to specific parts or drawings. 

a. Stop-order and -release, advance drawing change, and engineering-order forms 
provide the mediums for efficient, rapid distribution of advance engineering infor- 
mation. 

h. These forms are 8}^^ by ll-in: size and preferably for hectograph duplication 
in order to facilitate rapid preparation of copies. Forms printed on tracing paper 
for blueprint duplication may also be used but at the sacrifice of ultimate speed in 
distribution. 

c. An approval and release system maintains control of advance engineering in- 
formation. It is similar to that for drawing release, but concentrated expediting 
insures that the system time is less than 4 hr. 

d. Emergency advance engineering information may be issued by delegated per- 
sonnel when the need for engineering authorization is so urgent that the 4-hr* system 
time cannot be tolerated and when the emergency arises outside the engineering 
departments normal working hours. 

e. Records insure that copies of all active advance engineering information releases 
are attached to all prints of the drawings affected. 

’ /, All active advance drawing changes are incorporated in the drawing affected 
either (1) during the next routine drawing change or (2) when the quantity of ADC^s 
becomes sufficient to cause difficulty in properly interpreting the drawing. 

g. Engineering orders are never incorporated in a drawing change. 



CHAPTER 12 

DRAWING CHANGES 


Drawing changes are undesirable but equally unavoidable. It is im- 
possible to foresee all conditions that will be encountered during manu- 
facture of a product, and production-improvement changes will be 
required during fabrication and assembly. Other changes originate 
from engineering errors during initial preparation of drawings. Un- 
satisfactory operating conditions experienced by customers often re- 
quire design changes, and in the case of contracted articles the customer’s 
requirements may alter during the life of the contract. 

The necessity of expending engineering time on dra^ving changes 
through the production life of a product must always be considered in 
planning the operation of an engineering department. A small depart- 
ment, employing five or six draftsmen and engaged in the design of 
moderately complex equipment, should plan on one to two draftsmen 
devoting their entire tune to production drawing changes. A large en- 
gineering department, engaged in design of highly complex products, 
will need considerable personnel for drawing changes. For instance, 
one leading manufacturer of four-engine bomber aircraft (having an 
engineering department of approximately 1,800 employees) found that 
136 persons w^ere required to handle the average of 350 drawing changes 
necessary during each week of this model’s production. 

Another prominent aircraft manufacturer bases his engineering plan- * 
ning on the premise that the time expended upon drawing changes after 
production begins will approximately equal the engineering time re- 
quired to complete the original design. A surprising quantity of changes 
are also necessary during translation of an experimental prototype into 
a production design. An actual case of a twin-engine night-fighter air- 
plane produced by a western manufacturer shows that for a total of 
4,857 drawings there were required 4,727 actual drawing changes and 
3,787 advance drawing changes (see Chap. 11) during the production- 
engineering phase. 

In any case it is certain that drawing changes are a normal phase of 
engineering-department operation and that it is necessary to establish 
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an orderly method of making and recording these revisions. Drawing- 
revision methods are primarily concerned ivith (1) drawing-change re- 
quest procedure and (2) drawing-change system. The first considera- 
tion involves establishment of a method that insures prompt action on 
all changes requested by other departments. The second requires estab- 
lishment of a logical, efficient method of preparing and identifying draw- 
ing revisions. 


DRAWING-CHANGE REQUESTS 

Drawing changes are requested for a variety of reasons, but a major- 
ity can be grouped into three broad classifications of revisions: (1) to 
correct engineering error; (2) to reduce cost, facilitate production, and/or 
simplify manufacture; and (3) to improve the serviceability of the prod- 
uct. Change requests may originate with the customer, subcontractors, 
other departments of the company, or engineering-design groups desiring 
changes on drawings controlled by another group. 

Revisions desired by the customer are usually requested through the 
sales or contract departments either by correspondence or by special 
procedure established by the customer. All drawing-change requests 
originating within the engineering department, in other departments of 
the company, and from subcontractors should be handled by a drawing- 
change request form (CR), similar to that shown in Fig. 12:1. This 
provides the following information: 

Dwg, No, Number of drawiag to be changed. 

CR No. Change-request identification number. 

Dwg. Title. ' Exact title of drawing to be changed. 

Date. Date when CR was prepared. 

Zone. Identifies location of change on large drawings provided with zone markings. 
Nature of Change. Concise description of change, sufficiently complete to permit 
decision without referring to originator for additional information. When imme- 
diate action is necessary, the CR should note that an advance drawing change is 
desired. 

Specific Reasons* for Change. Complete, detailed reason for requesting change. 
Requested hy^ Department^ Date, Supervisor, Date. This block provides for name and 
department number of originator, date of request, and approval of originator’s 
supervisor. 

Inspection. Used by inspection department to approve or reject requests originating 
in manufacturing departments. 

Planning. Used by manufacturing-planning department to approve or reject re- 
quests originating in manufacturing departments. 

Rdease, Group Leader. Used by Engineering Release to record date when CR is 
received, forwarded to relevant engineering group leader, received from group 
leader, and copies distributed by Release. 
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Engineering Action. Used by relevant group leader and project engineer to indicate 
nature of engineering action on request. 

Reason for Rejection, Used by Engineering to indicate reason when request is found 
undesirable and rejected. 



The detailed processing of drawing-change requests is shown in Fig. 
12:2 for the engineering department of a self-contained company and 
for requests affecting dra^vings controlled by the originating division. 
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engineering department. When the company has two or more operat- 
ing divisions, it may be necessary for one division to request changes on 
drawings under control of another division. This involves a slightly 

PREPARE 4 COPIES ON CRs PROCESSED AT ORIGINATING PiVIStON 
PREPARE 5 COPIES ON CR ^ TO BE FORWARDED TO ANOTHER DIVISION 
KEEP THE LAST COPY IN EITHER CASE . 
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Fio. 12:2. — Routing of drawing-change requests for self-contained organization, or those 
originating in division controlling affected drawings. 
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record, (copy 2 ) ' . ^ 


different procedure, which is illustrated in Fig. 12:3. In all cases the 
basic routing for CR's is 

a. Oiigiriator 

h. Inspection department (mamifacturing-department requests only, for review) 

c. Manufacturing-planning department (manufacturing-department requests 
only, for review) 

d. Engineering release (for recording and routing) 

e. Project engineer and engineering group leader (for investigation and disposi- 
tion) 

/. Engineering release (for recording and distribution) 

g. Originator (notification of engineering action) 
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Origin of Change Requests 

A change request may originate with any department but does not 
receive recognition until delivered to Engineering Release for recording 
and engineering investigation. Some engineering departments consider 
it advantageous to route all CR^s through Engineering .Planning and 
then to Release, follow^ed by routing from Release to Planning for dis- 
tribution of the copies showing engineering action. This provides Plan- 
ning control over all work originating from change requests. The CR 
form (see Fig. 12:1) is prepared as an original and three carbon copies, 
except that CR's forwarded to another division of the company require 
four carbon copies. The original and all except the last copy are routed 
as showm in Figs. 12 : 2 and 12 : 3. The last copy is retained by the person 
originating the request. 

All CR^s originating in manufacturing departments are signed by the 
person requesting the change, endorsed by the originator’s immediate 
superior, and then routed to the inspection department for approval. 
Inspection will either approve or reject. If the CR is approved, all for- 
w^arding copies of it are routed to Manufacturing Planning. If it is re- 
jected, a statement of the re^on for rejection is placed on the back of 
all copies, followed by routing to Manufacturing Planning. Planning 
mil either approve and forward to Engineering Release or reject and 
forward with a statement of the reason for rejection. This procedure 
provides Engineering with the view’points of Inspection and Manufac- 
turing Planning and insures that all requests originating in manufactur- 
ing departments reach Engineering. 

Change requests should be used within Engineering only when one 
design group desires changes upon a drawing within the control of an- 
other design group; they are not necessary for changes within the group. 
Liaison engineers use this form to request changes to facilitate produc- 
tion, investigate engineering errors, and the like. The request is pre- 
pared by the person desiring the change, endorsed by the originator’s 
immediate supervisor, and then forwarded to Engineering Release or 
Planning (as the case may be) for routing. 

Routing Requests Through Engineering 

Engineering Release, upon receipt of a CR, detaches the third copy 
and files this in an ‘^incomplete CR file” as a record of receipt and subse- 
quent routing. The remaining copies are routed to the relevant group 
leader, with suitable notations of date and name entered on the release 
file copy. The remaining copies (one and two) of the CR are returned to 



232 


ENGINEERING ORGANIZATION AND METHODS 


Release for distribution after engineering investigation is complete. The 
original copy is returned to the originator of the CR, and the second 
copy is sent to the group leader. Suitable entries on the release file copy 
indicate the date of this distribution. All approved change requests are 
posted on the drawing-status record card or cards affected (see Chap. 9), 
and the release file copy is placed in an ^^approved CR file.^^ Disap- 
proved CR^s are filed in an ^ Obsolete CR file.’^ 


Engineering Investigation op Change 

The relevant group leader determines the action required by the CR 
through consultation wdth the project engineer affected. Final engi- 
neering approval or rejection is entered in the ^^Engr. Action^ ^ block and 
bears the signatures of both group leader and project engineer. The 
action taken on each approved change request will be issuance of an 
advance drawing change (ADC), issuance of a stop order, or prepara- 
tion of a drawing change. 

An advance drawing change should be issued when the CR requires 
immediate action. When the change requested involves extensive in- 
vestigation and appears sufficiently serious to warrant halting manufac- 
ture until the investigation is complete, a stop order may be issued. 
This practice, however, must be used with discretion, and an effort made 
to release the stop as soon as possible for mere issuance of a stop order 
does not satisfy the request for change. When the change request is 
justifiable but does not require immediate action, it can be answered by 
filing the CR for incorporation as part of the next change on the drawing. 


Engineering Action 

The block at the bottom of the change request marked ^'Engr. Action” 
is used to notify the requester of the action to be taken by engineering. 
If the request is rejected, it is necessary only to check the ^‘Reject” 
square and note the reason for rejection in the space provided. If the 
request is approved, the square marked “Approve” is checked, and the 
engineering action indicated on one of the three lines below. If an ad- 
vance drawing change is being issued, its number is noted. When a 
stop order is issued, its number should be noted. If neither an ADC nor 
a stop order is being issued and the request will be handled by a drawing 
change, then the estimated date of the change is noted on the line pro- 
vided. When a change group exists, it is necessary to note whether 
the change will be made by that group or by the design group affected. 
Do not fill in more than one of the three lines provided for indication of 
action on approved change requests. 
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Regardless of the final action, the CR must bear the signature of both 
project engineer and group leader affected before final distribution. An 
approved change request covered by an ADC or a stop order should not 
be distributed until that document is actually released. The coordina- 
tion required to effect simultaneous release of approved CR and relevant 
advance engineering information is a responsibility of the release group. 
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Fig. 12:3. — ^Routing of drawing-change requests received from another division. 


Change-request Records 

Records of the issuance, approval or rejection, and incorporation of 
change requests are maintained by the engineering release group. An 
“incomplete’’ file contains all requests upon which action is pending, 
and an “approved” file contains a copy of each authorized request. A 
copy of each rejected change request is placed in an “obsolete” file. 

The drawing notice of change accompanying a changed drawing lists 
in the “Authority for Change” column the serial numbers of all change 
requests incorporated by the revision. This authorizes Release to list 
the CR’s as incorporated on the status-record cards (see Chap. 9) for 
the drawing affected. These drawing-status record cards provide for 
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listing all CR’s issued against each drawing as well as a coluirm for indi- 
cating the change incorporating each. This information is entered by 
Release, first, when the approved CR is distributed and later when the 
changed prints incorporating the CR are released. 


Changes on Drawings at Another Division 

When changes are desired upon drawings in the possession of another 
division, a change request should be written in the normal manner. This 
CR is routed to obtain the usual signatures, but the noted engineering 
action is '^Dwg. change by (name of division). The original, duplicate, 
and triplicate copies of the CR are forwarded by Engineering Release to 
the division affected by the request. The fourth copy (made only for 
CR's sent to another division) is filed by Release at the originating divi- 
sion). The other division handles these CR^s in the normal manner, 
returning the original copy to Release at the originating division. 

CHANGE REQUESTS FROM SUBCONTRACTORS 

All change requests from su'bcontractors should be plainly marked 
^^Subcontractor — CR'^ on each copy. Change requests originating with 
a subcontractor are prepared as an original and four carbon copies. The 
original and three copies are routed to the prime contractor. The last 
copy is retained by the subcontractor. These change requests should be 
approved by the subcontractor's engineering department, followed by 
routing to the prime-contractor liaison engineer at the subcontractor’s 
factory. The liaison engineer examines the change request and writes 
his comments on the back of all copies. The original and three copies of 
the change request are then forwarded to Engineering Planning at the 
piime contractor’s plant. 

If the requested change demands immediate action, the liaison engi- 
neer may issue an emergency ADC or EO, as described in Chap. 11, be- 
fore forwarding the change request. This action is noted under the 
liaison engineer’s comments, and a copy of the emergency ADC or EO 
is attached to each copy of the change request. The CR number must 
appear on the ADC or EO. Small subcontractors, without a resident 
prime-contractor liaison engineer, forward these change requests di- 
rectly to Engineering Planning at the prime contractor’s plant. 

Engineering Planning records the change request as part of its func- 
tion of handling all requests originating outside the company and for- 
wards all copies to Engineering Release. These subcontractor CR’s are 
processed in the normal manner, except that the original copy is returned 
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to the originator through Engineeiing Planning (and prime-contractor 
resident liaison engineer) and the third copy is delivered to the liaison 
engineering supervisor. 


DRAWING CHANGES 

A definite procedure for handhng dravdng changes is necessary in order 
to insure efficient, accurate revisions. The following general method for 
processing drawing changes is used by many engineering departments, 
and the detailed instructions contained in this chapter are based upon 
this system. 

a. Group leader assigns change to draftsman. 

h. Draftsman obtains affected drawing from engineering files and checks with 
Release to obtain a list of all unincorporated ADC^s and change requests. 

c. Draftsman ascertains if change will affect interchangeability. Changes that 
do require special handling. 

d. Required revisions are made, including incorporation of all outstanding ADC’s 
and CR’s, in addition to changes requested by the group leader and approved by the 
project engineer. A change letter is assigned to identify the revision. 

e. Change is recorded in the drawing title block. 

/. A notice of change is prepared, describing the change accomplished. 

g. The drawing, notice of change, copies of all ADC’s and CR’s incorporated, and 
other reference data are returned to the group leader. 

h. The group-leader inspects the change and signs the notice of change if the 
work is approved. Group leader then ’writes a release request covering the drawdng 
affected and forwards request and drawing -with all reference data to Release. 

i. Release places drawing in release system for checking and approval. 

Draftsman makes required checker’s corrections. 

h. Corrected and approved drawing is released, and prints distributed. 


Incorporation op ADC^s and CR’s 

Whenever a drawing is changed, it is necessary to dispose of all out- 
standing CR’s and ADC’s. Some outstanding ADC’s may have been 
canceled by others, but all should be listed on the notice of change — even 
those foimd undesirable and not incorporated in the change. These are 
disposed of by a note on the notice of change as being “Canceled, by 
this change.” When one ADC has been superseded by another, both 
must be listed on the notice of change as the only means of clearing the 
record of ADC’s is to list them on a notice of change. An effort should 
be made to prevent accumulation of large quantities of ADP’s against 
a drawing. In general, the drawing should be changed to incorporate 
outstanding ADC’s when more than 10 accumulate. 
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CHANGES AFFECTING INTERCHANGEABILITY 

When a change is made affecting interchangeability or to modify the 
part for increased safety, it is necessary to have two drawings available 
for the part involved: one for the original part and one for the new de- 
sign. Both drawings must remain active in order to permit ordering 
and manufacture of spare parts and must carry ^ ^service-data'^ notes to 
indicate the effective serial niimbers of each. There must be actual 
drawings for both old and new parts. These may be a duplicate tracing 
for the old part and the original drawing changed for the new or a new 
tracing prepared for the new part. If the change is retroactive to cover all 
units and spare parts, it is unnecessary to add service-data notes to the 
drawings, and a cancellation notice of change is sixflSlcient for the old 
drawing. In these cases an effective serial number for the production 
change point is determined and listed on the notice of change, together 
\vith a notation that ^^All prior articles to be reworked per Service Bulle- 
tin (number)," See Chap. 13 for additional information on service bul- 
letins. 

Place the following note on the old drawing and assign the next change 
letter to cover the addition of the note. 

SERVICE BATA 

THIS PART USED ON (model) UNITS ( serial no,) THROUGH 
(serial no.) ONLY, REFER TO (dwg. of new part) FOR SUBSE- 
QUENT UNITS 

Place the following note on the drawing of the new part: 

SERVICE DATA 

THIS PART USED ON (model) UNITS (serial no.) AND UP. 
REFER TO (dwg, of old parts) FOR PRIOR UNITS 

These service-data notes should be located to the left of the drawing 
title block, except that A-size (8J4 by H hi-) drawings carry the note 
above the title block. 

If the change also creates two noninterchangeable forms of the next 
assembly, it is necessary to place similar service-data notes on these. 
Follow the change through subsequent next assemblies with service- 
data notes on each until a point is reached where interchangeability is 
no longer a factor. Upon the first next assemblies, which may use either 
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version interchangeably, call for both new and old versions as a dual 
part call-out. Thus : 

(Old part no. and name) X IlEQ--( seriaI no.) THROUGH (serial no.) 

( New part no. and name ) X REQ — (serial no.) & UP 

It is not necessary to give complete information at the call-outs, such 
as model designations, for these data can be obtained by reference to 



Fia. 12:4. — Changed drawing, showing nse of change symbols and change-letter sub- 

numerals. 


drawings of the parts involved. This procedure must not be confused 
with coding a drawing in order to permit its use with, minor variations 
upon another model but relates only to changes affecting interchangeabil- 
ity during the production of a model. 


Change Letters ' 

Each successive drawing change is identified by a letter, beginning 
with A for the first change and continuing in alphabetical order, except 
that the letters I, O, Q, R, and X are not used. Deletion of these letters 
elinoinates the possibility of confusing change letters with numerals 1 
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and 0^ the radius S 3 nnabol, and the multiplication sign. Each item of a 
change is identified by a symbol comprising the change letter enclosed 
with a diameter circle placed adjacent to the affected portion 

of the drawing. When a change involves more than one item, sub- 
numerals are added to the change letter to identify each item (such ,as 
Ai, A 2 , A 3 ) (see Fig. 12:4). 

Some engineering departments identify drawing changes by numerals 
rather than letters. Thus, the A and B change versions of a drawing 
would become the 1 and 2 revisions. However, it appears that a ma- 
jority prefer the change-letter method. 

Drawing Title Block 

The change letter, with the highest subnumeral of the change, is en- 
tered in the drawing title-block revision record space. The date of the 
change and the name of the draftsman are entered in columns provided 
for these data. The government representative usually signs in the 
^'ApprovaF^ column when the drawing relates to government contracts. 

Use of a notice of change eliminates need for describing the change in 
the title-block revision space, which ordinarily does not provide suffi- 
cient area to describe the revision adequately. The identical deficiency 
is usually present even in cases wffiere the drawing-revision space is sep- 
arate from the title block. Some companies use a drawing title block 
that provides only for listing the change letter together with date and 
signature columns. An instruction to ^'See notice of change for details” 
forms a part of the title-block revision space. 

Notice op Change 

The notice of change accompan;^ing a changed drawing must be care- 
fully prepared. Its purpose is to indicate what change has been made, 
which ADC^s and CR^s are incorporated in the change, wffiat is to be 
done with the stock (in work or stores) of existing parts, and when the 
change becomes effective. It should also provide .a clear record of the 
drawing's appearance prior to the change. Many changes become effec- 
tive during a project, with the result that some parts must be fabri- 
cated according to the drawing prior to the change and others according 
to the change. Thus, the drawing and attached notice of change should 
clearly set forth complete information for both old and new parts. 

The complexities of mass production require that the notice of change 
accompanying a revised drawing provides a variety of information to 
guide the manufacturing-planning department in applying the change. 
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The information required makes impractical the use of a revision space 
in the title block or upon the drawing. That method is suitable for job- 
shop work where only a few units are involved and additional informa- 
tion can be supplied by verbal instructions. Attempts to use this 
method on production drawings wall either result in confusing the field of 
the drawing with a mass of change information or condensing the revi- 
sion data to a point where it becomes inadequate for production pur- 
poses. Use of a separate notice of change is advisable for all production 
drawings. 

The notice of change shown in Fig. 12:5 is an S>}4r by 11-in. form 
printed on tracing paper and provides the following information: 


Heading of Form, The information required in the spaces at the top of the form is 
obvious upon inspection. The ^^Job No.’* space is used by Release to enter the 
job ticket number when the change is placed in the system. 

Letter No. Enter here the subnumerals of the various change items, but use 1, 2, 3, 
etc., rather than the Ai, A% Az^ etc., used on drawing. 

Zone. Show here the drawing zone in which the change appears. Used only for 
large drawings. 

Kind of Change. Show here the essential nature of the change in order to permit 
ready identification of each change item. Examples of entries in this column are: 


Add service data 
Remove rqmts. 
Change h. t. 
Change mat’l. 
Add holes 
Remove tricleats 


Increase cutout 
Change hole pattern 
Add coding 
Change picture 
Remove pilot holes 
Add brackets 


Detailed Description of Change. In this space, state clearly and concisely what was 
done. 

Effective on. Show the effective production serial number for each change item. 
These should be the same as showm upon ADC’s incorporated in the change. 
Effective serial numbers for new items not previously covered by ADC’s should 
be verified with manufacturing planning. 

A uthority for Change. Enter here the ADC or CR number authorizing the change. 
Should the change be one originating within a design group (for which no CR or 
ADC w^ould exist), the abbreviation “Engr” will be entered in the “Authority” 
column. Use applicable name for customer-request changes in addition to ADC 
numbers. 

Disposition of Parts in Stock. Enter here the stock disposition for each c h a n ge 
item. There are five normal conditions of stock disposition, namely, “Use,” 
'^Rework,” “Scrap,” “Return to overstock,” and “None.’' 

Reason for Change. Enter here the essential reason for each change. If several 
reasons exist, show the letter numbers relating to each reason. 

Affects Dash Numbers. Enter here a record of all dash-number parts affected by the 
change. 

Signature Block. Provides for signature and date by each person processing drawing 
change. 
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Extensive Drawing Revisions 

When extensive revisions are made in a large drawing, it may be 
found that several pages are required for the complete notice of change. 
Changes of this nature become so involved that Manufacturing Plan- 
ning usually finds it desirable to process the change as though it were a 



Fig. 12:5. — Notice of change used to provide complete information on drawing revisions. 

new drawing rather than attempt to correct the records for each indi- 
vidual change item. Furthermore, the printing and distribution of ex- 
tensive notice of change are expensive and serve no useful purpose. In 
actual practice it is wise to limit multipage notice of change to a maxi- 
mum of six pages. 

When more than six pages are required for the complete notice of 
change, two separate notices should be prepared, each bearing the same 
change letter. One is complete, listing every change item, and is pre- 
pared only for record purposes. The second notice is distributed with 
copies of the changed dravdng and does not list the change items but 
simply states ^‘Drawing Completely Revised.” Both notices accom- 
pany the drawing through the release system, but, after the drawing 
completes the system, the complete notice is detached by Release and 
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forwarded to Engineering Files. The second, single-page notice accom- 
panies the drawing to Blueprint for preparation of copies for distribu- 
tion with the drawing prints. The complete notice is always available 
for reference, and the wasteful distribution of an extensive notice of 
change is avoided. 

Printing and Filing Notices of Change 

The current notice of change should be blueprinted adjacent to the 
right-side edge of the drawing, and a copy of it accompanies each print. 
This method eliminates all possibility of the notice becoming detached 
from the print, for the reproductions of drawing and notice are on the 
same piece of blueprint paper. Use of staples or other mechanical means 
of attaching the notice to the print should be discouraged, for not only 
is more time required, but the hazard of the notice’s becoming detached 
is always present. 

The current notice of change should be filed with the drawing at all 
times. Obsolete notices should be stored in the engineering files. 


Drawing Cancellation 

A notice of change written to cancel a drawing should always state 
whether or not the canceled drawing is replaced by another. One of the 
following notes should appear: 


or 


CANCELED— REPLACED BY (XXXXX) 
CANCELED— NOT REPLACED 


New drawings that replace existing drawings should carry the note 
“Replaces (old dwg, no.).” A space is provided for this purpose in the 
title blocks recommended in Chap. 8. Otherwise the drawing should 
carry this information as a general note, adjacent to the title block. 


Changes on Duplicate Tracings 

Duplicate tracings, such as direct-line transparents, of drawmgs in 
the possession of another division cannot be changed. If a revision is 
necessary, a change request should be forwarded to the division in pos- 
session of the original drawing, and action upon the requested change 
must await return of the acknowledgment copy of the change request. 
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Changes on Dba wings Comprising Two or More Sheets 

A drawing comprising two or more sheets should be considered as a 
single drawing. Its zone numbers should be continuous from sheet to 
sheet, not duplicated on succeeding sheets. Also the title-block change 
spaces should be filled out in an identical manner on all sheets, and the 
current notice of change should be printed with each sheet of the draw- 
ing. The notice of change should always be made for the drawing as a 
whole, not written against individual sheets of the drawing. Unless this 
practice is followed, there vill exist a confusing condition of having dif- 
ferent change letters for separate areas of the same drawing. 

SUMMARY OF DRAWING-CHANGE PROCEDURE 

All dra^ring changes can be grouped into eight classifications, and 
definite rules can be established for proper handling of the old and new 
drawings involved in each case. The statements appearing in quotes 
in the summary on pages 243 and 244 should be used verbatim on draw- 
ings and notices of change in order to provide simple, positive identifica- 
tion of the class of change. 


CHANGE GROUP 

Some engineering departments have established change groups for the 
purpose of relieving design groups of the burden of routine changes. In 
theory this arrangement should prove very satisfactory, but in practice 
the reverse is usually true. The resultant decentralization of drawing 
control often introduces draving-change errors that do not occur when 
the design group leader retains complete control over all drawings relat- 
ing to his work. This condition is further aggravated by the tendency 
to consider the change group as a training center and to staff it with in- 
experienced draftsmen. 

Duplication of effort is frequently experienced when a separate change 
group exists, resulting from the design group leader making design 
changes just before or immediately after a routine incorporation of 
ADC’s and CR’s by the change group. Both could have been accom- 
plished by a single drawing change. Although this is admittedly a prob- 
lem of coordination, it is also apparent that it would not exist in the 
absence of a change group. 

The Ic^cal conclusion drawn from experience with many change 
groups is that more efficient utilization of personnel can be accom- 
plished by placing junior draftsmen in each design group for the express 



DRAWING CHANGES 


243 


Old drawing 

ClcLSS I. Advance Drawing Change: 

Changes requiring immediate action 
can be economically and rapidly 
made by use of an ADC. Do not 
use for A and B drawings without 
approval 

Class II. Detail Change: 

All changes involving revisions and 
additions without redrawing. Place 
date, name, and change letter in 
the title-block space 

Class III. Void: 

(Drawings that have not been re- 
leased) 

No notice of change required. Group 
supervisor writes ^'Void'' on mar- 
gin of drawing below title block 
with date and signature, draws 
two red lines through number, and 
forwards to Files for storing with 
obsolete tracings 

Class IV. Canceled — No Longer Used: 

(Drawings that have been released 
and are no longer required) 

Write notice of change, giving reason* 
for discontinuing part and listing 
as canceled all ADC^s against the 
drawing. Place change letter in 
title block, and cross out with a 
neat X that leaves the letter leg- 
ible. Draw two red lines through 
Dwg. No. in title block, and write 
“Canceled^^ below number, with 
date and signature 
Class V. Superseded: 

(Drawings that have been released ! 
and later replaced by a noninter- 
changeable part) 

Remains active with Service Data” 
note added to dwg. Notice of 
change required 


New drawing Remarks 


Write notice of change, 
assign change letter, 
and list changes 


Check next assembly, 
and remove require- 
ments for part. No- 
tify numbers clerk 


Must not affect inter- 
changeability. Give 
detailed “reason” ex- 
planation. Remove 
part from next assem- 
bly with change or 
ADC- Notify num- 
bers clerk 


Service-data note Applies to changes in- 
required volving interchangea- 

bility. Notify num- 
bers clerk 


[Continued on next page] 
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Old drawing 


New dra'^ing 


Remarks 


Class VI. Redrawn — Same No. — No 
Change: 

No notice of change but change letter 
in block and notation in “ Change’ ' 
space. Cross out change letter 
and Dwg. No. as with Class IV 
change. Write “Redrawn — Same 
No. — No Change” below number, 
with date and signature 


Write notice of 
change, and 
note change in 
size, if any. 
Same change 
letter is used 
on both old and 
new drawings 


Does not affect inter- 
changeability 


Class VII. Redrawn — Same No. — With 
Changes: 

No notice of change. Cross out 
change letter and Dwg. No. as in 
Class IV change. Write “Re- 
drawn — Same No. — With 
Changes” below number with date 
and signature 


Same procedure 
^as Class VI 
preceding 


If next assembly is af- 
fected, correct by 
drawing change or 
ADC 


Notes on Redeawing 

a. Copy (do not imitate) all signa- 
tures, printing them exactly as they 
appear on the old drawing. 

b. Do not copy previous change let- 
ters, either on the face of the drawing 
or in the change block. 

c. Indicate the new changes, form- 
ing the revision being made, in the con- 
ventional manner, and list in the notice 
of change, 

d. Always use fuU name for signature 
(not initials). 


CZctss VIII. To Reinstate a Voided or 
Canceled Drawing: 

Assign next change letter. Write 
notice of change, stating “Rein- 
stated” and explain reason 
Remove X from cancellation change 
letter, red lines from Dwg. No., and 
cancellation note below number 


Same as Class Vn. No- 
tify numbers clerk. 
Additional change 
items may be listed on 
the “reinstating” no- 
tice of change 
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purpose of accomplishing routine changes. These can be placed under 
the direct supervision of a senior draftsman, who then acts in the ca- 
pacity of assistant group leader. The actual delegation and final ap- 
proval of all work remains under the control of the design group leader, 
and his centralized control is maintained over drawings related to the 
design group ^s work. 



CHAPTER 13 

TECHNICAL SERVICES 


A variety of services is required to support and augment the work of 
engineering designers and draftsmen. Those services that require spe- 
cialized technical knowledge and do not directly involve product design 
or drafting can be classified as technical services. A majority of techni- 
cal services is required to supply specialized assistance in solving prob- 
lems encountered in product design but in a few cases to implement 
operation of the engineering department. Engineering planning, cost 
control, patent research, and handbooks are in the latter classification. 

Among the more important technical services required for the suc- 
cessful operation of an engineering department are (1) planning, (2) cost 
control, (3) standards, and (4) patents. They have received detailed 
consideration in preceding chapters and do not require repetition. In 
addition to these functions, the following technical services are needed 
to complete the technical implementation of engineering activities : 

Lofting Laboratory Service bulletins 

Materials Specifications Customer service 

Processes Handbooks Illustration 

In a small engineering department it may be necessary for one person 
to handle several of these services. Large engineering departments usu- 
ally have a supervisor with suitable i>ersonnel assigned to each techni- 
cal service. 


LOFTING 

Lofting is an important service in all engineering departments engaged 
in the design of products requiring developed surfaces. The design 
groups prepare drawings showing the finished shape of the manufac- 
tured parts. The lofting group develops the true shape of the article 
and supplies the tooling department with information for templates, 
form blocks, and dies. 

The lofting function is of greatest importance to engineering depart- 
ments engaged in the design of airplanes, ships, and automobile bodies 
but can also be of assistance in the design of many smaller articles in- 
volving a contoured sheet metal exterior — particularly \vhere the exist- 
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ence of compound curves requires the fairing of lines. The work of the 
loft group begins immediately after preliminary design of the article, 
during which the major dimensions and a basic envelope for the article 
are determined and an accurate small-scale drawing of the completed 
article is prepared to show its external configuration. During prelimi- 
nary design the basic structure is also determined and located. 

The preliminary design work is accomplished in close cooperation 
with the loft group, and lofting begins as soon as the external configura- 
tion and major structure are determined. A full-size body plan is pre- 
pared, together with full-scale transverse sections of all important body 
^ ^stations. Horizontal sections (water lines) and longitudinal sections 
(buttock lines) are prepared as necessary to fair the body plan com- 
pletely. 

The basic loft lines are prepared as close to plus-or-minus zero limits 
as it is possible to work, and in general practice the lines are held wdthin 
limits of ±0.010 in. These basic lines are used for the preparation of 
all subsequent loft layout boards and may be scribed directly into wood 
or drawn upon metal sheets with a pencil or stylus. Detail loft boards, 
which accurately establish contours for structural assemblies, are pre- 
pared by transferring the basic lines of the required section from the 
master layout to a detail loft board. After the basic hues are trans- 
ferred to the detail board and checked for accuracy, the structural mem- 
bers involved are carefully drawn in position upon the detail board. 
This practice of transferring lines from the master layout to detail loft 
boards permits simultaneous preparation of a variety of detail boards, 
all based upon information obtained from the full-size master layout. 

Lofting can furnish the designers and draftsman with accurately 
developed lines for any section of the article and thus eliminate the 
necessity of time spent by engineering personnel to develop the true 
shape of sections affecting their w^ork. Furthermore, as all designers 
and draftsmen are working from the same basic information, the possi- 
bility of error is much less than when each engineer prepares his ovm de- 
velopment of surfaces and sections affecting his work. 

The tool-manufacturing department obtains from the loft boards the 
information required to manufacture assembly fixtures, templates, 
match plates, and other tools. Lofting also relieves the tool department 
of the necessity of preparing full-size layouts of parts drawn to reduced 
scale. When a mock-up must be prepared, in wood and plaster, of all 
or part of the complete article, it is guided by the lines and layout pre- 
pared by the loft. In most cases the supervision of mock-up work is as- 
signed to the loft group to insure that the completed mock-up accu- 
rately represents the proposed article’s true form. 
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MATERIALS 

Selection of the proper material for a given part is an important con- 
sideration in every design. Not only must the material be suitable for 
the usage, but it is necessary to determine the most economical material 
to perform the required function without compromising safety and 
service life. The material selected must be one that can be obtained in 
the required raw-stock form in time to meet production schedules. 
This technical service is so important that practically every engineering 
department should have the functions of ^ ^materials engineer definitely 
assigned to one person. In a small department this can be made a re- 
sponsibility of the standards engineer, but larger departments will re- 
quire the full-time ser\fices of a competent person to care for materials 
problems adequately and efficiently. 

The materials engineer should maintain an index of material specifi- 
cations, issued to all design and drafting personnel as a list of materials 
approved for use on manufacturing drawings. Usage of other mate- 
rials requires approval of* the materials engineer. All commercial and 
purchased parts should be approved by the materials engineer prior to 
their initial usage. This insures that the proper purchased parts ^vill be 
specified on drawings and avoids both procurement of unnecessarily ex- 
pensive purchased items and usage of dubious items that may lead to 
service difficulties. The materials engineer is also responsible for main- 
taining current information on all known sources of material and the 
availability of various forms and shapes of raw-stock material. 

One of the problems encountered during the development engineering 
phase of a new article is ordering the required material early enough to 
insure that it will be m stock when required for construction of the first 
experimental article. Early ordering of materials needed for experimen- 
tal articles can be accomplished by an ‘'advance engineering material 
order” procedure, using the form shown in Fig. 13:1. 


Advance Engineering Material Order Procedure 

An advance engineering material order (AEMO) is prepared in quad- 
ruplicate by the materials engineer as soon as the design of an installa- 
tion or main a^embly crystallizes to a degree where a majority of the 
materials required can be accurately estimated. The materials engi- 
neer then obtains approval of the engineering supervisor and project 
engineer concerned, retains the original copy of the AEMO, and for- 
wards the three carbon copies to the engineering-release group. Release 
files the quadruplicate copy, forwards the triplicate to the engineering 
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supervisor concerned, and dispatches the duplicate copy to the material- 
control group of Manufacturing Planning. 

Material Control investigates the availability of the material and, if 
it is found to be in stock, enters “Allocated’^ opposite the affected item 
on the AEMO. The material involved is then ^ffrozen^^ in raw-stock 
stores for use only on the project affected. If the required material is 
not in stock, a purchase requisition is originated by material control, 
and the requisition number together with the specified delivery date is 
entered on the material-control copy of the. AEMO. The AEMO num- 
ber is entered on the purchase requisition. 

When the purchasing department places an order for the material 
specified in the purchase requisition, a copy of the purchase order (not- 
ing the AEMO number and guaranteed delivery date) is forwarded to 
Material Control, who then records the purchase-order number on the 
related AEMO and checks the guaranteed delivery date against the 
required date. If the actual delivery date is found unsatisfactory, the 
materials engineer is notified; he in turn informs the project engineer 
and engineering supervisor concerned so that appropriate action can be 
taken to alter material requirements. 

Required delivery dates are established by the time necessary to 
fabricate the assembly or installation involved so that it will be avail- 
able on the date scheduled by Manufacturing Planning for its final 
assembly. The manufacturing schedule is based upon the required 
completion date of the experimental article and cannot be met unless 
each assembly and installation is available for incorporation into the final 
assembly on or before the scheduled dates. For this reason Engineering 
must provide the fullest cooperation by rapidly selecting substitute mate- 
rials whenever the original material cannot be obtained in time to meet 
manufacturing schedule requirements. 

Using the AEMO Form 

The AEMO shown in Fig. 13:1 is prepared in quadruplicate on 8 
by ll-in. bond and tissue sets. Each set is provided "with a serial num- 
ber for identification purposes. A separate AEMO is issued for each 
installation and assembly comprising the article, and the number and 
title of the relevant drawing is given when known, together wdth the 
following information specified on the form: 

Item. Used in identifying individual items of an AEMO specif37ing more than one 
material. 

Required. The quantity required of each item to construct all the subject installa- 
tions or assemblies for one complete article is shown in the “Per Unit” column. 
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Material required for test and other miscellaneous uses should be listed in the 
'^Specia?’ column. 

Size, Description, and Specification, These entries are made in the manner used for 
(Rawing bills of material and described in Chap- 8. 

Catalogue Reference, Vendor, etc. Enter here catalogue numbers, names of vendors 
Imown to have the required material on hand, and similar information of assistance 
to Material Control and Purchasing. 



Fig. 13 : 1. — Advance engineering material order. 


Part No, Company drawing number of part to be made from the listed material. 

Requisition No,, P.O. No,, and Required Delivery Date. These columns are used by 
the material-control group of manufacturing planning. 

Prepared by, and Date, Name of person preparing AEMO and date of preparation. 

Checked by, and Date, Name of engineering supervisor checking AEMO and date. 

Approved by, and Date. Name of project engineer approving AEMO and date. 

Dwg, No. Number of installation or assembly drawing for which the AEMO i^ 
issued. 

Remarks. Alternate materials and sizes, acceptable substitutes, and vendors known 
to have stock on hand should be noted. 

Group, Engineering group preparing installation or assembly drawing for which the 
AEMO is issued. 

Instcdlaiion or Assembly Title, Title of installation or assembly drawing for w^hieh 
the AEMO is issued. 

Sheet of .. . Used to indicate quantity of pages involved in AEMO, 

Issued. Issue date of AEMO. 
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Revision of AEMO. Cross reference to number of original AEMO, when revised 

AEMO is issued. 

Project, Project for which material is required. 

Model, Model for which material is required. 

Effective on. Serial numbers of articles for which the material is required. 

AEMO No. Each AEMO is provided with a consecutive serial number for identi- 
fication and reference purposes. 

All materials and parts, including castings, standard parts, bolts, nuts, 
rivets, and the like, required for an assembly or installation should be 
listed on the AEMO. 

Revised AJSMO^s are issued whenever made necessary by design 
changes or additions or to authorize material substitutions. These 
should show the date of revision and the number of the original AJEMO 
in the spaces provided. It is the duty of all engineering supervisors to 
notify the materials engineer immediately of changes in material re- 
quirements. 

PROCESSES 

Process engineering is necessary in all engineering departments con- 
cerned with the development of high-quality products. This service 
includes establishment of standard processes for the fabrication, heat- 
treatment, chemical treatment, and finishing of materials. Determina- 
tion of physical properties and chemical compositions of purchased 
materials and the execution of experimental and research work to de- 
termine improved processes make it desirable for the laboratory to be 
under the direction of the process engineer. 

The basis upon which materials, processes, and finished parts are 
judged and determined by the process engineer is offered through the 
medium of laboratory investigation, research, and experimentation. 
Actual trials on a laboratory scale are conducted when necessary so that 
all process and finish specifications are thoroughly proved before being 
placed in effect. 

The laboratory equipment and facilities are also employed to discover 
improved manufacturing methods and investigate new processes offered 
or suggested by outside sources. In general, the process engineer en- 
ables the company to employ efficiently the best equipment, materials, 
and methods in order to manufacture products of superior economy, 
quality, and performance. 


Finish Specification 

The process engineer prepares a finish specification for each new model 
during its development engineering stage. This specification details the 
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protective aad decorative coatings to be applied to the article, usually 
on the basis of the nature and location of the material rather than ac- 
cording to part number, and eliminates the necessity of placing detailed 


TOlTtE AIRCRIFT. IWC 
Vt-ia, BT-13A, Br-13Br ST-t9 
SKV-1 Fisil«k Sped 

*4. tHORGAKIC SURFACE TREATHEHTS (ContM) 

4-22 Chromic Acid Dip (Cont^d ) 

4.222 ftot require Inorganic surraco treataen.t> unless paint or primer is sub- 
s equently " appll ed. 

4.3 Prelect ive Treatments for Magnesium Base Alloys 

4.31 All magnesium and magnesium-base alloys shall be treated in accordance 
with spec USA-98-20010. All possible cutting, drilling or forming should 
be completed before applying such treatments. The maximum protection 
for magnesium alloys is of greater Importance than for aluminum alloys. 

4.32 Chrome Pickle Treatment 

4.321 This treatment may be used for all magnesium alloy castings and wrought 
forms covered by Air Forces specifications, with the following excep- 

j tions. 

4.322 When parts do not allow for dimensional loss. 

4.322t During the full time chrome pickle treatment, there is a maxlnxim surface 
loss of .0006 inch. 

4.3222 A short time treatment, with a loss of .0002 inch per surface, is per- 
mitted on completely machined surfaces that are unpainted and serve as 
bearing areas or fits. 

4.323 Assemblies such as castings, containing inserts of bras.>?, bronze or 
steel. 

4.33 Dichromaie Treatment 

4.331 The dichromate process Is recommended In preference to the chrome pickle 
treatment for parts that will not permit the dimensional change that 
occurs during the chrome pickle treatment. 

4.332 dichromate process may be used to treat castings or parts that con- 
tain brass, bronze or steel Inserts. 

4.333 fopowlng magnesium materials are not suitable to receive the dich- 
romate treatment; - Tubing, spec AF-11333J Magnesium Sheets, spec AF- 
11339. Such materials may be treated by the chrome pickle process. 

4-4 Parkerfzino 

1^.4I When parks ri zing is desired, the finish shall conform to specUSA-57-0-2. 

This treatment Is suitable for steel armament parts requiring a non- 
glaring flat black surface that Is also wear and rust- resistant. 


/S Devised: 1 / 1/43 


Fig.’ 13: 2(a). — Finisli specification, prepared by process engineer to provide detail finish 
instructions for a given model. 

finish instructions upon the drawings. This practice avoids subsequent 
checking of each drawing for detail finish information and eliminates 
issuance of conflicting or confusing finish instructions. 

Each finish specification is assigned an identifying number, and a list- 
ing of these is made available to all designers and draftsmen. Drawings 
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show the correct finish specification number for the related model, with 
this number appearing in the ^ 'finish^' space of the title block. The 
checking group makes certain that the drawing refers to the proper finish 



VUITkF AIRTRAFT, IJtr 
nr- 13, »f-llA. HT-J-V 


5. 

ORGANIC SURFACE COATINGS 


S.i 

Shop-Primer Coat 



one coat of zinc chromate primer, spec AN-TT-P-OSr,, shall be applied to 
the following, as soon as practicable after the operations of cleaning, 
sandblasting., dlchroioatlng, chromic acid dip, etc: 


S.l 1 

All magnesium alloy surfaces. 


5.12 

All bare aluminum alloy surfaces. 


5.13 

The "interior" surface only ot" alclad sheet used to fabricate skin, 
fairing and like parts having one surface exposed (in whole or part) 
to the airstream. 


5.2 

Oope-Proof ing 



Parts or assemblies finished with two (2) coats of zinc chromate primer, 
shall need no further protection from contact with doped fabrics. 


5.3 

Joints and Seams 



The overlapping portion of all-iuetal Joints and seams will have a nlnl- 
tuum of one (1) coat of zinc chromate primer between them, in accordance 
with the procedure established in j.ara .•».!, except in the case of spot- 
welded seams. 


5.31 

Seams - Fuel Tight 



The Joints and seams of the integral fuel tanks shall be sealed with 
suitable „nsoliiie- resistant sealing compounds, 'liie compounds used must 
be insoluble in high-octane aviation fuel, and not subject to shrinking, 
swellliiu or cold flow. 

30 

SA 

Dissimilar Metals - Insulation of 

O 


Where the use of dissimilar ‘metals has not been avoided, each contacting 
surface shall receive at least one <l) coat of zinc chromate primer, 
except that cadmium or zinc plated surfaces need not be coated with 
primer. . 

ra 

5.5 

Tubular Parts - Interior Finish 


5.5 

Open End Steel Parts 



Ihe interior of such parts shall receive one (l) coat of zinc chromate 
primer. The coating may be applied by filling or spraying. 


6 Reviseil: l/l/43 -6- 



Fig. 13 ! 2 ( 6 ). — Finish specification, prepared by process engineer to provide detail finish 
instructions for a given model. 

specification. The manufacturing-planning department enters the 
proper finish specification on all shop orders, and all factory supervisors 
are furnished copies of the finish specifications. It is their responsibility 
to place the proper protective or decorative coating on aU parts and 
assemblies. 




254 


ENGINEERING ORGANIZATION AND METHODS 


SPECIFICATIONS ENGINEER 

The position of specifications engineer is one requiring a combination 
of the talents of an engineer, journalist, and artist. This work involves 


V UL TEE Aircraft. Inc 
74-5 K'Gft's Spec 


E-4a Engin e 

£-4a{1) This airpiame shah be equipped with one Pratt & Whitney 
Mqdei R-985-AN1 air-cooieo, single-row radial engine 

E-4a(2) Breather gases shah be piped outside the cowling, prefer- 
ably TO A POINT VISIBLE TO THE PILOT DURING FLIGHT. 

£-4e Lubrication Syst em 

E-4b(1) The lubricating system shall consist of an oh tank, oil 

COOLER WITH THERMOSTATIC REL I EE VALVE, AND SUITABLE 
CONNECTING i INES. 

E-4b(2} The oil tank shah be of welded aluminum-all oy sheet, 

capacity approximately 10.9 U S gallons, with additional 
FOAMING space equal TO APPROXIMATELY 1.09 li S GALLONS. 

E-4e(3) Easy access to'thc tank fuier shall be provided. 

E-4s(4) The oil shall be cooled by a seven inch (7 in.) diameter 
Type B-4 oil cooler. The flow of air through the core 

WILL BE CONTROL! ED BY A MANUAL I V-CPERATED SHUTTER PLACED' 

IN THE AIR SCOOP. The cooling air will exhaust into 

THE ENGINE ACCESSORY COMPARTMENT, AND THEN INTO THE AIR 
STREAM through LOUVERS 'N THE ENGINE ACCESSORY COWL 1 NG 


The ENGINE installed in THIS AIRPLANE WILL BE AIR-COOLED, 
AND EQUIPPED WITH AN N A C A TYPE COWL ING TO PROVIDE 
COOLING AIR flow AND MINIMUM DRAG. 


£-40 F uel System 


£-4o(l) The fuel supply of this airplane shali consist of twO 
(2^ integral tanks having a total capacity of APPROX'- 
MaTEI Y ONE hundred TWENTY (120) U S GALLONS. 


O 

U7 


E-4d(2) 


One FUEL Tank of approximately sixty (60) U S gallons 
shall be an integral part of each side of the center 

SECTION WI'NG PANEL EACH TANK SHALL COMPRISE A COMPART- 
MENT FORMED BY THE FRONT AND REAR WING BEAMS, UPPER AND 
LOWER SKIN COVER-SHEETS, AND CHOROWISE BULKHEADS FORMING 
THE TANK COMPARTMENT ENDS. All SEAMS WILL BE CAULKED 
WITH A suitable fuel -RESISTANT COMPOUND. BaFFL E PARTI- 
TIONS WILL BE FORMED BY THE WING RIB-SECTIONS CONNECTING 
BETWEEN FRONT AND REAR BEAMS. IN THE DESIGN OF THE 
INTEGRAL FUEL TANKS, SEAMS AND JOINTS WILL BE IN THE 
FORM Of FAYING OR OVERLAPPING SURFACES, IN ORDER THAT* 
THE FUEL -resistant SEALING COMPOUND WILL SERVE ONLY AS 
A SEALING OR CAULKING AGENT BETWEEN ADJACENT SURFACES. 


Revised: 2/16/42 


Fig. 13: 3(a). — Detail specification for basic- trainer airplane. 

preparation of all specifications pertaining to company products, includ- 
ing proposal specifications, sales specifications, construction specifica- 
tions, design-information reports, and a mass of minor w^ork relating to 
presentation of accurate engineering information in a manner that will 
be both interesting and valuable to purchasers of company products. 
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The work of the specifications engineer begins before the first line of 
a new design is placed upon a drawing. A design-information report 
giving the broad features and aims of the proposed design is prepared 
as a guide for development engineering. As soon as the new design 


VuLTEE Aircraft, 1 nc 
74-B Mfgr's Spec 


£-4o(3) A STANDPIPE SHAlt BE PROVIDED AT THE OUTLET ^.w^NNECT10N OE THE 
JIIGHT TANK TO TRAP A RESERVE FUEL SUPPLY OF APPROX I MATEL V 
SEVENTEEN (17) U S GALLONS WHICH MAY BE DRAWN UPON BY SETTING 
THE FUEL COCK TO THE "RESERVE” POSITION. 

E-4d(4) There shall be one fuel cock provided, controllable from both 

COCKPITS, TO PERMIT FUEL TO BE DRAWN SELECTIVELY FROM EITHER 

tank 


£-4d(5) The fuel unit shall contain a strainer, water trap, water 

DRAIN COCK, AND AN EMERGENCY FUEL PUMP WHICH WILL BE OPERABLE 
from EITHER COCKPIT FOR STARTING, OR FOR SUPPLYING FUEL TO THE 
ENGINE IN EMERGENCIES. ThE FUEL UNIT WILL ALSO CONTAIN A 
PRESSURE RELIEF. VALVE TO REGIA ATE THE PRESSURE DELIVERED BY THE 
EMERGENCY FUEL PUMP. 

E-4d(6) Fuel lines shall consist of five- eights inch (5/8 in.) 

diameter ALUMINUM-ALLOY TUBING. WITH HOSE CONNECTIONS 
OR other suitable fittings at THE ENOS 

E-4d(7) a priming pump, operable from the front cockpit, shall 

BE PROVIDED FOR PUMPING FUEL INTO ENGINE CYLINDERS FOR 

starting purposes 

E-4o(8) Each fuel tank shall be provided with a potassium dichromate 
CAPSULE, IN ACCORDANCE WITH AlR CORPS DwG NO. 37B4095' 1 

E-4£ Engine Controls 

E-4e(1) Both cockpits shall be provided with controls for the throttle, 

MIXTURE, AND PROPELLER. CONTROLS FOR CARBURETOR AIR HEAT AND 
OIL COOLER AIR-SCOOP SHUTTER WILL BE IN THE FRONT COCKPIT ONLV 

£-4e(2) Throttle, mixture, and propeller controls shall be provided 

IN THE- FORM OF ON’cK-T) TyPE B- 24 ENGINE CONTROL UNIT IN FRONT 
COCKPIT AND B-21 IN REAR COCKPIT, MOUNTED TO SHEET STEEL 
BRACKETS SECURED TO THE LEFT SIDE FUSELAGE STRUCTURE. THE 
MOVEMENTS OF THE CONTROL HANDIES SHALL CONFORM TO THE REQUIRE- 
MENTS OF THE 8th Edition of the Handbook of Instructions fob 
Airplane Designers 


E-4e(3) The carburetor heat control lever shall be mounted in the 
front cockpit on a quadrant placed below the engine control 
unit; its movement shall be forward to decrease the temperature' 
OF THE air delivered TO THE CARBURETOR. 


E-4£(4) The oil cooler air-scoop shutter control lever shah be placed 

ON THE SAME QUADRANT AS THE CARBURETOR HEAT CONTROL UNITS; 

ITS movement shall be forward to decrease the temperature of 
THE OIL. 


E-4e(5) All engine conti?oi s shall comprise individual systems of 
push-pull rods and BFIl cranks. 


2/16/42 


Fig. 13r3(&). — Detail specification for basic-trainer airplane. 

assumes definite form, a preliminary specification is prepared to serve as 
a basis for mutual consideration of the design by ail concerned. When 
all details of the design have been agreed upon and developed, a detail 
specification is prepared to serve as the basis for final discussions and 
contract between manufacturer and purchaser. 
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Detail Specification 

An acceptable detail specification should define the basic dimensions, 
guaranteed performance, and (where applicable) the maximum allow- 
able weight of the article. The general nature of the design should be 
revealed, and where the customer has established specific construction 
requirements, these should be presented in detail. Lists of equipment 
to be incorporated in the design should follow the descriptive text. 
Illustrations should be used to delineate important features of the 
design. 

Particular care must be used to avoid ambiguous statements. Detail 
specifications normally become a portion of the contract document and 
are thereby a possible subject for litigation. Each sentence and para- 
graph must be written in a clear, concise manner, possible of only one 
interpretation. 

Commitments of the company should always be as broad as possible 
to provide reasonable latitude for changes found necessary or desirable 
during development of the detail design. Obligations of the customer, 
on the other hand, should be specific. This insures that changes desired 
by the customer, no matter how small, can become subjects for negotia- 
tion of cost and schedule alterations. 

It is almost certain that some changes will be negotiated during the 
life of a contract. Whenever these accumulate to a point where the 
specification no longer reflects the true nature of the article, it will be 
necessary to revise the specification to incorporate all outstanding 
changes. Re\dsed pages must then be issued to all persons possessing 
copies of the specification. See Chap. 14 for detail procedure for specifi- 
cation and report revision. 

Construction Specification 

As the construction of the first article of the new design progresses, a 
construction specification describing and illustrating aU details of con- 
struction is often prepared. This serves as a permanent history of the 
constructional features of the design for use by the engineering depart- 
ment in future developments and for benefit of the customer when manu- 
facturing rights are involved. Throughout the development of the de- 
sign, until the last production drawing is completed, the specifications 
engineer must keep the design-information report on each model up to 
date, in order that everyone concerned may be constantly informed of aU 
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design requirements. The specification engineer also maintains photo- 
graphic albums for all models, assists in the preparation of sales bro- 
chures, and prepares comparison charts and specialized reports to meet 
customer inquiries and needs. From this it is easy to see that the posi- 
tion of specifications engineer can become a full-time occupation even 
in a small engineering department. 

All engineering reports, irrespective of their origin, should be routed 
to the specifications engineer for editing. Only in this manner can all 
documents issuing from the engineering department maintain a con- 
sistent, uniform style. A majority of engineers are poor journalists in- 
deed, and subjecting all engineering reports to a final editing by the 
specifications engineer will insure uniform outline, pagination and para- 
graphing, proper grammar, and correct composition. 


SERVICE ENGINEERING 

Under the broad classification of service engineering can be grouped 
handbooks, service bulletins, and customer service, in addition to serv- 
ice engineering relating primarily to new product design. The service 
engineer investigates the serviceability of all product designs, deter- 
mines a satisfactory solution for all service problems reported by cus- 
tomers, prepares handbooks of instructions relating to company prod- 
ucts, and maintains liaison between company and customer on service 
matters. 

All new designs are investigated for serviceability, particular atten- 
tion being given to ease of disassembly, repair and reassembly, and ac- 
cess to items requiring adjustment, inspection, or lubrication. This 
study is made concurrent with development of the new product and in- 
sures that the customer will receive an article excelling in ease and 
economy of maintenance and repair. Some engineering departments 
establish the service engineer as a station of the drawing release system 
in order to insure that all layout, installation, and assembly drawings 
will be checked for serviceability prior to release for design or manufac- 
turing. Designs that are questionable from a service viewpoint can be 
detected before detail drawings are prepared or parts manufactured. 


Service Bulletins 

All problems involving the maintenance and repair of company prod- 
ucts in service are handled by the service engineer, working in close co- 
operation with the project engineer and company service representatives 
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to obtain a completely satisfactory solution to all service problems in 
the shortest possible time. Unsatisfactory service conditions found to 
be the result of inherent design defects require a satisfactory remedy and 


BULLETIN 


INSTALLATION OF CURTISS AUXILIARY FUEL TANK | 

P-66 AIRPLANES - 

REASOH FOR CHANGE | 

1. To provide tuWltionaJ. gasoline supply, and peralt carrying either a : 

100 or 300 pound bonb. 5 

AIRPLANES AFFECTED ; 

r 

2. Change to be accoaplished on all airplanes. Airplane AF42-6890 had < 

this change cdapleted at the factory. ^ 

3. All future production airplanes will have this change accoapllshed 

prior to delivery. ^ 

Oj 

SPARE PARTS AFFECTED i 

■a 

I 4. No spares are affected by this change. S' 

accomplishment ^ 

5. Change to be accon^llshed by the Custoaer with all parts belna fUr- 

nlshed by the Contractor. ^ 

DESCRIPTION OF CHANGE 

6. This change consists essentially of Installing an auxiliary fuel 
tank to the under surface of the wing center section, on the airplane 
C€snterllne. To provide clearance for this tank. Iv is necessary to aove 
the loop antenna forward approxlaately two feet free Its present posiUon. 

To provide clearance for the installation of a bo»b rack to support the 
tank, It is necessary to make cutouts at the forward end of the "belly" 
fairing and the aft end of the landing-gear center fairing. The auxiliary . 
tank fuel cock is locate<i In approximately the position of the present ^ 
fuel cock. To permit installation of the fuel lines it is necessary to ^ 
make cutouLs in the front beam, wheel-well jiose rib and landing gear ' 


prepare 
rework prew 


oviae detaili 
e service bill 
ier proving t 
^ork in the e 
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All unsatisfactory reports and their remedies are carefully analyzed 
by the service engineer, and the resultant information compiled for ref- 
erence during future design of similar products. When this data is 


.jsa-ir. 


2 3 , 


{PATKI Il23fi3 


RESTRICTED 



Auxiliary Fuel Tank Installed on P-65 - Left Side 


center fairing, k small opening cut In the left side floor provides access 
for the new fVial cock control rod. The tank and hohh release qpxadrant Is 
attadwd to the fUBSlage tube structure »t the right side of the cockpit. 


7. Prnpartnt the ilrplane for Beuork - Bew>ve the radio coiq>ass loop 
antenna. In accordance with T.O. 01-60FA^2 Sect 5, Para 1». Then remove 
the 61-O0O4C wheel-well nose rlh and the 61-06191 landlng-g;ear center 
falrlx^ In the followliig nanner; 


a. Remove the rivets attaching the rib to the front beam stlf- 
fsner. 

b. Remove the rivets attaching the outboard ends of the fairing 
to the frwt beam. 

c. Remove all screws, nuts snd bolts attaching rib and fairing, 
but do not remove the rivetm attachtnt the rth to the fairtni. 

S. Make a cutout at the forward end of the 61-06191 landing gear 
fairing In accordance with fig. 2. The cutout on the bottom, forward 


RESTRICTED 


Fig, 13:4(6). — Service bulletin for addition of extra-range fuel tanks to fighter airplane. 


properly applied during development of a new model, it is possible to 
eliminate a majority of service difiSculties at their inception on the draft- 
ing board and avoid repetition of service problems encountered with 
previous models. 
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Handbooks 

The service engineer should prepare all handbooks of instruction re- 
lating to company products. A very high standard of accuracy must be 
maintained in this work, for it should be fully realized that customer 
satisfaction is greatly dependent upon accurate, practical operational, 


COKSOL.IDATED VULTEE AIRCRAFT CORPORATION 


SERVICE DEPARTMENT 
DAILY SERVICE REPORT form coss 


DATC CASE Division 

REPT. NO. 

FAAT HAKE 

PART NUMBER 

S F C. 

C F.E. 

HAMUFAC70RER 


■HI 

ENG. POS. 

AIRRCAME SERIAL NO. 

TYPE AND RUCCK NO. 

H»S. AT FAILURE AIRPLANE TIME 

SUBJECT: 






Fiq. 13 : 5. — Customer service report on unsatisfactory conditions. 

maintenance and repair instructions. All handbooks should be care- 
fully checked prior to their release by both engineering and factory per- 
sonnel in order to insure that the information is not only technically 
correct but also practical of accomplishment by the average user or 
maintenance mechanic. 


Customer Service 

Customer service involves liaison between the company and users of 
its products to lend all possible assistance in obtaining the maximum 
serviceability from company products and insure the highest possible 
degree of customer satisfaction. This function is assigned to the engi- 
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neering department in some companies; others include the work as a 
duty of the sales department. When assigned to Engineering, it should 
be placed under direction of the service engineer. 



Fig. 13 1 6 (a). — Unsatisfactory report survey used by customer-service section to request 

engineering action. 


Company service representatives are trained to assist the customer in 
operation, maintenance, and repair of company products. In some cases 
these service representatives may be permanently stationed in areas 
where large quantities of company products are in use, and in other 
cases they may travel a certain route, making weekly or monthly visits 
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to users of company equipment and in addition being on call to provide 
the customer with immediate assistance in the event of service difficul- 
ties. In any case the service representatives must furnish the customer- 



Fig. 13:6(5).— Unsatisfactory report survey used by customer-service section to request 

engineering action. 


service section of the company with an immediate report on all unsatis- 
factory conditions encountered by customers. The form shown in 
Fig. 13 : 5 can be used by service representatives to report unsatisfactory 
conditions. 
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All unsatisfactory reports received by Customer Service are analyzed 
to determine the necessity of requesting engineering action. This deci- 
sion is governed by analysis of the nature of the complaint. If the trou- 
ble appears due to improper operation by the customer, no action is re- 
quired other than recording the report and ^ ^educating’ ^ the customer. 
If the complaint is one that has been previously reported and appears 
chronic or is obviously due to a design deficiency, a report of the situa- 
tion (see Fig. 13 : 6) requesting an immediate remedy for the trouble is 
forwarded to the project engineer. In many cases Customer Service 
vill recommend the remedy that should be applied. The project engi- 
neer takes necessary action to eliminate the difficulty in future produc- 
tion articles and to determine the desirability of issuing a service bulletin 
to rework existing equipment. Rework of existing equipment always in- 
volves determination of whether the company or the customer shall bear 
the cost of the modification, and this reauires coordination with the sales 
department. 

ILLUSTRATION 

Two classes of illustration are frequently required: production illus- 
tration and technical illustration. The former involves preparation of 
perspective and isometric drawings of parts to illustrate the proper 
methods for their manufacture and assembly (see Fig. 13:7). Technical 
illustrations are similar drawings for handbooks of instruction, parts 
catalogues, and specifications (see Fig. 13:8). The former is primarily 
a service to the manufacturing departments; the latter is a technical 
service directly relating to engineering. Many companies have both 
classes of illustration assigned to engineering in order to avoid duplica- 
tion of personnel and equipment. 

Operation of Illustration Group 

Irrespective of the organization of the illustration group, this activity 
must be operated on the same basis as other engineering groups. Some 
engineering executives have made the mistake of operating illustration 
groups on the premise that the “artistic temperament” of its personnel 
required special concessions, with resultant deterioration of efficiency 
and high illustration costs. This premise is entirely erroneous, and 
Illustration should be operated on the same basis as other engineering 
groups, with its work estimated and scheduled by Engineering Planning 
in the usual manner. 

The illustration group is strictly a service activity, preparing for other 
groups and departments the illustrations required for their work. In no 



264 ENGINEERING ORGANIZATION AND METHODS 




TECHNICAL SERVICES 


265 


case should the illustration group be permitted to dictate the nature of 
an illustration required for a particular purpose, although the illustra- 
tion group leader should be consulted when there is doubt regarding the 



SeCT/ON a ""A 7b remove ha/h'nct str i p, fear away Y/6 

pl ywoocf str ip, prxjsp nai/ Tieads and, 
remove nails. 

Fig. 13:8. — ^Handbook illustration showing proper methods of applying glue pressure 
when repairing wood members. 

most effective method of illustrating a particular part or operation. An 
illustration order similar to that shown in Fig. 13:9 is useful, both as a 
formal means of ordering illustrations and for a record of the time ex- 
I>ended on each illustration. 
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Fig. 13i9(<x)- — I llustration order used to requisition illustrations. 
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Fig. 13:9(6).— Illustration order used to requisition illustrations. 
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Illustration Drawing Revisions 

The title block shown in Fig. 13:10 is for use wifli production and 
technical illustrations. It is intended to be placed outside the drawing 
border and does not necessarily become a part of illustration reproduc- 
tions. A majority of illustrations are perspective or isometric drawings 
showing the parts depicted by a certain manufacturing drawing. In 
this case the illustration is given a drawing number identical with that 
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Eig. 13 : 10. — Title block suitable for production and technical illustrations. 


of the manufacturing drawing but with a letter P prefix. Other illustra- 
tions show parts appearing in several manufacturing drawings. These 
are assigned individual drawing numbers but still bear the P prefix. 

Changes on manufacturing drawings usually require a similar revision 
in the related illustration drawings. The change-letter listing to the left 
of the title block shown in Fig. 13:10 can be used in conjunction wdth a 
cross-reference card file to insure that illustration drawings are revised 
concurrently with changes in manufacturing drawing. The card file 
contains a record card for each manufacturing drawing, listing the illus- 
tration drawings showing all or part of the manufacturing drawing. 
One print of each changed manufacturing drawing is routed to the illus- 
tration group. Each is examined upon receipt, and the card file is con- 
sulted to see if illustration drawings exist for the changed manufacturing 
drawing. Each card listing an affected illustration drawing is flagged 
with a red signal, and a notation of the manufacturing drawing-change 
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letter requiring incorporation in the illustration is posted on the back of 
the card. All illustration drawings are revised periodically and the sig- 
nals removed from the cards. 

The change-letter listing adjacent to the illustration title block is used 
to record the drawing changes incorporated in the illustration drawing 
at the time of its preparation and to list the incorporation of subsequent 
manufacturing drawing changes. When a drawing change does not re- 
quire revision of the corresponding illustration drawing, this can be 
disposed of by simply removing the illustration drawing from the file 
and entering “Not Affected"' in the appropriate change-letter line, with 
name of the person making the entry and the date. 

SPECIALIZED TECHNICAL SERVICES 

The technical services discussed in the preceding paragraphs are those 
applicable and necessary in practically every engineering department 
engaged in product design. Some engineering departments, engaged in 
design of highly complex products, will require additional specialized 
technical services. Among these are stress analysis, weight control, 
aerod3nQamics, thermodynamics, and electronics. Engineering groups 
to carry on specialized technical research and design checking can be 
established as needed to suit the requirements of each engineering de- 
partment. 



CHAPTER 14 

GENERAL SERVICES 


It is necessary to provide a variety of general services to implement 
operation of the engineering department fully. Many of these are cleri- 
cal in nature, whereas others like photography and parts listing are 
semi tec hni cal. These are classified as general services, however, as they 
are often a part of some other department and are not mandatory sec- 
tions of the engineering organization. Photography is often a responsi- 
bility of the sales or public-relations department, while parts listing can 
be a function of the manufacturing-planning, contract, or sales depart- 
ment or can be subcontracted to a company specializing in the prepara- 
tion of catalogues. However, these services should be available to the 
engineering department. Other general services, such as stenographic 
and library functions, are an integral part of the engineering department. 

The basic general services involved in operation of an engineering 
department are 


Parts catalogues 
Master-parts lists 
Spare-parts lists 
Photographic 
Timekeeping 


Blueprinting Supplies 

Drawing and print files Stenographic 

Drawing release Correspondence files 

Library 
Report release 


Parts catalogue, spare-parts list, photographic, and timekeeping serv- 
ices can be supplied by other departments, but the remainder are basic 
general services for an engineering organization. Since timekeeping, 
blueprinting, drawing and print files, and drawing release are considered 
in other chapters, they are excluded from the detailed discussion of gen- 
eral services. 


PARTS CATALOGUES 


Parts catalogues provide the customer with information required to 
order replacement parts for maintenance and repair purposes. It is 
highly » desirable that illustrated parts catalogues be provided in order 
to insure rapid identification of the correct part. Catalogues for simple 
articles may require only a single perspective illustration to identify all 
parts clearly, but an illustrated parts catalogue for a complicated vehicle 
may involve several hundred illustrations. 
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There are a variety of possible arrangements for an illustrated parts 
catalogue, including the elaborate form specified for military aircraft in 
Army-Navy Aeronautical Specification AN — C — 85. A comparatively 
simple arrangement of an index drawing follow'ed by classified detail 
illustrations and listings of major installations and assemblies will pro- 
vide a satisfactory parts catalogue for commercial purposes. The illus- 
trations and listings in Figs. 14:1 through 14:6 sho\v how all stockable, 
replaceable parts and assemblies comprising an airplane can be shown 
in a parts catalogue. 


Typical Illustrated Parts Catalogue 

The catalogue is divided into seven basic sections: wfing, empennage, 
body, landing gear, flight controls, powder plant, and equipment, and by 



a simple process of elimination the required part can be located and 
identified. All the main installations and assemblies comprising the 
airplane are shown on the index drawing (see Fig. 14:1), with item num- 
bers assigned to each. On the page facing the index drawing is showm a 
listing (see Fig. 14:2) of these item numbers together with the relevant 
dra^ving number, name, and reference illustration figure number. 





Fig. 14:2. — Installation and assembly index listing for illustrated parts catalogue. 
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To locate a part, it is necessary only to know what main installation 
or assembly it forms a portion of, locate the reference illustration for that 
unit, and then turn to the illustration. All illustrations are identified 
by figure numbers, and the reference figure \\dll show the detail parts 
and assemblies comprising the unit. On the page facing the illustration 
there is a listing similar to that used with the index drawing, except that 
‘^Number Required” for the assembly sho^vn is substituted for “Figure 
Number.” 

If the item sought is a portion of a subassembly of the reference figure, 
it will not be identified in the parts listing, and it is necessary to turn to 
the figure showing details of that particular assembly. This condition 
is immediately apparent for item numbers of assemblies carry a dash 
suflBlx, with the basic number identifying the figure number showing de- 
tails of the assembly. For instance, the details of an assembly identified 
on an illustration as “107 — 1” will be found in Fig. 107 of the parts 
catalogue. 

Using an Illustrated Catalogue 

As an example of using the illustrated catalogue described by Figs. 
14 : 1 through 14 : 6, assume that the part number of the tail-wheel shock- 
absorber packing rings must be located. By reference to the index illus- 
tration (see Fig. 14:1) it is found that item 36 relates to the entire tail 
gear of the airplane, and the index listing (Fig. 14:2) refers to Fig. 100 
of the catalogue for details of the tail-wheel installation. Upon refer- 
ring to Fig. 100 (see Fig. 14:3) it will be foxmd that the tail-wheel shock- 
absorber details are shown elsewhere and that two reference numbers are 
indicated for this part, namely, 101 — 1 and 102 — 1. 

The presence of two reference numbers indicates that two different 
shock absorbers have been used. These may or may not be interchange- 
able, but reference to the accompanying parts listing (see Fig. 14:4) 
will reveal the effective production serial numbers for each, and the cor- 
responding illustration may then be selected. Assuming that airplane 
number 41 — 1218 is involved, then 101 — 1 identifies the proper tail- 
wheel shock-absorber assembly, w^hich obviously is shown at Fig. 101 of 
the parts catalogue. Upon turning to Fig. 101 (see Fig. 14:5), it is 
immediately apparent that the packing rings are item 9, and the parts 
listing (see Fig. 14:6) identifies these as “Part No. 20333, Ring-chevron 
Packing, 5 required.” 

All equipment and furnishings items are shown and listed under 
“Equipment,” not in the structural sections. For instance, details of 
the landing lamps are shown in the “Electrical” group of the equipment 
section rather than in the wdng section, although a cross reference to the 
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^^Installation of Outer Wing Panel Electrical Equipment^’ appears on 
the relevant wing-structure illustration. This arrangement follows air- 
craft drafting practice for all parts catalogues must follow the arrange- 
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ment of corresponding engineering drawings. Unless this is done, the 
concurrent revision of parts catalogues and engineering drawings be- 
comes extremely difficult. 

The basic data used in compiling parts catalogues are obtained either 
from the drawing bills of material or from master-parts hsts when they 
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are prepared by the engineering department. Regardless of the source 
the data should be checked and double-checked before being incorpo- 
rated into a parts catalogue. Users of the company’s products must 






Ref. 

Part 

Ko. 



Ho- 

number 

Title Req. 



1 

41060 

Strut Assem - Tail TTheel Shock 





Absorber 1 



2 

11007 

Assem - Tail ;7heel Shock 





Strut Upper (Consists of items 3, 





4, and 18) 1 



3 

11007-1 

Link 1 



4 

11070 

Bushine 4 



5 

An7-13 

Bolt 2 



6 

41053 

Tube Assem - Tall VTheel Shock 





Strut Pistoia. 1 



7 

20300 

77asher .1 



8 

21056 

Hut - Tall nheel Shock Strut- 





Packing 1 



9 

20333 

Ring - Chevron Packing 5 



10 

11049 

wtop - Tall TTheel Shock ‘Strut. . ... 1 



11 

21044 

Bear inf; - Tall \7heel. Shock Strut 





Piston *1 



12 

11048 

Orifice - Tall ’Theel Shock Strut.. 1 



13 

21055 

Tube - -Tail ’.Tlieel Shock Strut 





Outer 1 



14 

20312-050-202 

Ring - "0" Type Packing Seal 1 



15 

21057 

Cap - Tall Vftieel Shock Strut...... 1 



16 

11130 

Link Ajsea - Tall \^ieel Shock 





Strut Lower (Consists of items 4, 





17 and 18) 1 



17 

11130-1 

Link : 1 



18 


Lubricator - Alemite. 2 



19 

AH310-7 




20 

AN380-3-3 

Pin - (hotter.... 2 



21 

11620 

Iftit - Tail ’.Vheel Shock Strut 





Lock.. 1 



22 

10304-3- 3AR 

Bolt 1 



23 

AF995-C40-6 

Wire - Lock....... 1 



24 

AIJ380-2-2 

Pin - Cotter. 1 



25 

1102G 

Screw - Tall t/heel Shock Strut 





Piston Lock 1 



26 

AJJS09-1 

Core - High Pressure Air Valve.... 1 



i 27 

AHai3-l 

Cap - High Pressure Air Valve..... 1 



28 

AN812-1 

Body _ High Pressure Air Valve.... 1 



29 

20300- 





0160.(524-064 

Washer - 1 





NOTE 





41060 Is used on 41-1211 thru 41-22161 

1 

FIG 

101 - STRUT ASSEMBLY - TAIL vTilEEL SBOfilC ASSORBBR \ 





Fig. 14:6. — Assembly parts listing for illustrated parts catalogue. 


place complete dependence upon the parts catalogue when ordering 
urgently needed replacement and repair parts. Issuance of an errone- 
ous parts catalogue can severely damage the company’s reputation and 
compromise the best plans for building customer good will. 
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MASTER-PARTS LISTS 

A master-parts list shows all parts required for a particular article o\ 
model, in the approximate order of assembly used for its construction, 
and becomes a guide for all departments concerned with manufacturing 
the parts detailed on engineering dra\\ings. It should also list the raw- 
stock material required to manufacture each part. A separate master- 
parts list (MPL) should be prepared for each assembly draAving, ar- 
ranged somewhat hke the 11- by 17-in. form shown in Fig. 14:7, which 
provides for 

Last Corr. The symbol <f> is placed in this column opposite each revised item in- 
volved in an MPL change. 

Item No. Used when necessary for identification of individual items on the MPL. 
Zone. Identifies the drawing-zone location of parts. 

Part No. Drawing (part) number of item. 

Change Letter. Current change letter appearing on drawing. 

Requirements, L.H. and R.H. The quantity required of each item to construct both 
the left- and right-hand opposite versions of the assembly. When assembly is 
left-hand only, requirements are entered in L.H. column. 

Se^xzck, 1, 2, 3, 4. The assembly order is shown by a system of setback or marginal 
indention- The final assembly appears in column 1; subassemblies and details 
Assembling directly to the final assembly appear in column 2. Parts required for 
the subassemblies are listed in column 3; parts comprising subsubassemblies appear 
in column 4. 

Part Name. Significant portion of drawing title. 

Effective on, from, through. Production serial numbers of articles upon which each 
part is used. 

Material, Size, Description, Spec. Material information is entered in the identical 
manner described in Chap. 8 for drawing bills of material. 

Special Information. Used for entries by other departments receiving copies of the 
master-parts list or special data relating to use of a part. 

The title-block strip at the bottom of the master-parts list provides 
the foUoAving information: 

Date Iss^ued. Issue date of new'' or revised MPL. 

Superseded. Issue date appearing on obsolete MPL superseded by revised issue. 
MPL Change Letter. Change letter identifying MPL revision. This may differ from 
assembly drawing-change letter as MPL is frequently revised without affecting 
drawing. 

Parts Lister, Name of person preparing or revising MPL. 

Checker. Name of person checking MPL after preparation or revision. 

Model, Next Assembly, and Requirements per “Unit” and “Assembly.” Model- 
requirements block is used in same manner as that appearing in assembly drawing 
title block (see Chap. 8). Lists the model requirements for the assembly drawing 
described by the MPL. 

Effective on, from, and through. Show^s effective production serial numbers of the 
next assemblies listed in the model-requirements space. 

Remarks. Used for explanatory notes. 
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Fig. 14:7.^ — ^Master parts list for hydraulic shimmy damper subassembly. 
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Replaces Dwg. No. Filled in with either the word ‘‘None’' or the assembly drawing 

nnmber involved. 

Drawing Title. Exact title appearing on assembly drawing described by MPL. 

Page ^ of .. . Pages. Number of individual page and total quantity of pages 

comprising the MPL. 

Joh No. Used by engineering Release when MPL is released concurrently with new 

or revised drawing. 

Change Letter. Current assembly drawing change letter. 

Dwg. No. Number of assembly drawing described by MPL. 

Issuance and maintenance of master-parts lists should be assigned to 
a capable person provided with ample facilities. A properly prepared, 
accurate MPL is a valuable asset to every department concerned with 
the manufacture of parts described by engineering drawings, but incor- 
rect master-parts lists are worse than useless. If the MPL is prepared 
and issued concurrently with drawdng releases, a drawing bill of mate- 
rials is not needed as it would be a duphcation of a considerable por- 
tion of the MPL information. Concurrent release can be accomplished 
by establishing the MPL group as a station in the release system, in 
accordance wdth the optional arrangement shown in Fig. 9 12. New and 
revised MPL^s are prepared to accompany each drawing release. The 
information required for the MPL’s is obtained from the drawings and 
notices of change. 

The compilation of the MPL’s begins with release of the first drawing 
for a new model and continues throughout production of the model. 
Small articles will require few MPL’s, one for the final assembly draw- 
ing and others for subassembly drawings. Large, complicated articles, 
such as aircraft, will require many MPL’s. In the latter case an MPL 
index, similar to that shown for a parts catalogue in Fig. 14:2, should 
be provided. Each MPL should be identified with its proper group for 
ease in filing in the correct assembly order. 

Master-parts lists books, containing one print of the current issue of 
each MPL, should be provided all manufacturing departments, in addi- 
tion to those for the purchasing and engineering departments. These 
should be maintained in an up-to-date condition by the MPL group as 
experience indicates that individual recipients of a document such as 
this cannot be depended upon to place new and revised pages properly 
in their correct locations. The MPL book for each model will begin with 
the final assembly drawing listing, followed by sections describing each 
functional grouping. Each section wdll begin with an MPL for the 
^^top assembly” called out on the final-assembly drawing. This will be 
followed by MPL^s for the assemblies and subassemblies making up the 
'Top assembly,” arranged in the approximate order used to assemble 
the article in the factory. 
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SPARE-PARTS LIST 

Manufacture of the proper quantities of parts for production articles 
is established by the engineering drawings, bills of material, and/or 
master-parts hsts. It is always necessary to manufacture additional 
quantities of certain parts as ^‘spares” for replacement and repair pur- 
poses. Determination of the kind and quantity of these parts may be a 

ft/AN AERONAUTJCaL CO. rA« 

SPARE PARTS LIST 


CoftbML 



responsibility of engineering, or it may be assigned to the contract or 
sales departments. In each case instructions authorizing their manufac- 
ture must be issued. 

The form shown in Fig. 14:8 can be used to authorize manufacture 
of spare parts and provides a listing of part number, part name, and re- 
quirements for each item to be manufactured as a spare part. The 
quantity and kind of spares is usually established as part of contractual 
requirements in government contracts. In the case of commercial arti- 
cles it is necessary to base the spares releases upon information compiled 
from past spare-part sales. 

The spare-parts list is prepared and copies issued to the manufactur- 
ing-planning department concurrent with release of engineering draw- 
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ings for a new model. Revisions to the spares list are issued when re- 
quirements change owing to alterations in contract requirements or when 
indicated by changing trends in spare-part orders from customers. 


PHOTOGRAPHIC DEPARTMENT 

The position of chief photographer for a manufacturing concern is one 
requiring knowledge of a variety of subjects outside the realm of the 



RYAN AERONAUTICAL COMPANY 

PHOTOGRAPHIC DEPARTMENT 

PRINT ORDER 



1 

NO. OF 
PRWTS 
KEOATIVE 

NO. OF 
PRINTS 
POSITIVE 

DEUVER TO 

DEPARTMENT 

SPECIAL 

INSTRUCTIONS 


















FOR PHOTO DEPARTMENT USE ONLY 



Bv 


rtMM PH4 «CT« 


Fig. 14:9. — Order form for photographic prints. 


usual commercial photographer since his subjects will require practi- 
cally every form of still and motion-picture photography. The daily 
work of the photographic department may include such a variety of 
''shots” as photographs of visitors, newly employed personnel, and lab- 
oratory tests; views for advertising purposes; record photographs; mo- 
tion pictures of structural members xmder load for study by the struc- 
tures engineers; and photographs for specification and handbook pur- 
poses of company products and parts under construction. 

When the photographic department reaches a size where separate 
personnel are employed as cameramen and laboratory technicians, it is 
important for the chief photographer to be an administrator as- well as a 
photographer. Eiiowledge of company engineering and manufacturing 
processes become more important than skill with a camera. 

The photographic department should be operated as though it were a 
small business enterprise, divorced from actual contact with a majority 
of company personnel. All ordering and delivery of work should be 
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accomplished through written orders approved by the chief photogra- 
pher. A form suitable for ordering photographic prints is shown in Fig- 
14: 9. A similar form can be used for ordering photographs and should 
specify the nature of the photograph desired, location of the subject, 
and time that photograph can be taken. In this manner an efficient 
photographic department can be operated and minimum costs main- 
tained. 


ENGINEERING LIBRARY 

In every engineering department there is need for an engineering 
library. Small engineering departments may find that a separate filing 
cabinet, maintained by the engineering file clerk, is adequate for this 
purpose. Large departments usually have a person specifically assigned 
to the duties of librarian, -with adequate facilities for filing and record- 
ing large quantities of books, magazines, technical reports, and other 
data of value to the designers and draftsmen. 

The basic fimction of the engineering library is systematic filing and 
indexing of all technical data required for reference by the engineering 
department. Here should be maintained up-to-date files of reference 
data, including government and industry design, material and process 
specifications, vendors catalogues and company specifications and re- 
ports, technical magazines, and reference books relating to the work of 
the engineering department. The responsibility of the librarian in- 
volves not only arrangement of the material but also immediate incor- 
poration of all amendments and changes affecting library data to pre- 
vent the reference information’s becoming obsolete. Material loaned 
from the library can be recorded on charge-out cards identical with 
those used for loaned blueprints (see Chap. 10) . 

Release op Company Reports 

Release of all reports, specifications, and similar documents prepared 
in the engineering department should be accomplished by the librarian. 
These are usually typed on vellum pages for blueprint or direct-line re- 
production. When a report is completed, it is delivered first to the 
writer^s supervisor for checking and approval. The supervisor checks 
the report, has necessary corrections accomplished, obtains the required 
approval signatures, determines the quantity of copies required, and 
forwards the completed report to the librarian with a memorandum 
listing the required distribution of copies of the report. 

The librarian checks the correctness of report number and title vdth 
the numbers clerk and obtains the required copies of the report from 
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Blueprint, ordering necessary photographic prints from the photographic 
unit and report covers typed with the required data from the steno- 
graphic group. The librarian then assembles the required copies of the 
report and binds the origtaal in a cover suitable for filing. Issue num- 
bers (beginning with are assigned to each copy of the report, and 
the copies are forwarded to their destinations. Copies sent to destina- 
tions outside the engineering department are forwarded through the co- 
ordination unit of Engineering Planning. The original and one copy 
are filed by the librarian. 


REPORT ISSUE RECORD 

No. 208 ‘/S 
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Fig. 14tl0. — ^Report issue record for recording location of report copies. 


Report Issue Record 

An issue record, similar to that shown in Fig. 14 : 10, should be main- 
tained for each company report. This provides for recording the for- 
warding dates of revised pages, in addition to the original release. 

No. Report number. 

Tide. Complete title of report. 

Issue No, Consecutive issue numbers, beginning with “1,” are assigned to copies 
of the report. 

Daie. Issue date of each copy. 

Issued to. Person receiving copy of the report and his department number. Also 
mailing address if outside company. 

Revisions, A, B, C, etc. Each revision is assigned a change letter, beginning with A 
for the first revision. The dates on which copies of revised pages are forwarded 
to holders of copies of the report are entered under the proper change letter. 
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Revisions to Company Reports 

Revisions to a company report should be identified b^^a change letter 
(beginning with A) and be accompanied by a revision notice explaining 
the nature of the revision, similar to the notice of change used for draw- 
ing alterations. The original copy of the revised pages is sent to the 
librarian, together with the revision notice. The hbrarian obtains suflB.- 
cient sets of revised pages and revision notices to provide for all copies 
of the report. One set of revised pages, accompanied by a revision 
notice, is forwarded to each holder of a copy of the report. It is the 
responsibility of the holder of the report to insert the revised pages in 
their proper places and remove and destroy the obsolete pages. 

All revised report pages (including new pages added after initial re- 
lease of the report) should be identified by placing ^^Revision — (Letter): 
(Date),” in the lower left comer of each revised page. All revised pages 
require page numbers, and pages added between existing pages should 
be identified by letter suffixes. Thus, page 21a is placed between pages 
21 and 22. The same method can be used to identify added illustrations. 


Obsolete Reports 

When a report becomes obsolete, the originating engineering super- 
visor should notify both the librarian and numbers clerk to that effect. 
The librarian should recall and destroy all copies of the report, except 
the original and one library copy which is marked ^‘Canceled.” The 
numbers clerk enters the date of and authority for cancellation in the 
report numbers book. 


Standard Arrangement of Reports 

Persons receiving copies of company reports are inclined to judge the 
company by the appearance of these documents, and a definite effort 
should be made to maintain high standards of quality for aU engineering 
reports. This involves not only correct grammar and composition but 
usage of neatly printed report covers and title, index, and text pages 
(see Figs, 14:11 through 14 : 14). The report cover should be printed on 
paper that permits typing report number and title directly upon the 
front cover, enclosed within a box provided for that purpose, as shown 
in Fig. 14:11. This avoids unsightly gummed labels for application of 
the report identification. 




Fig, 14:11. — Front cover for engineering reports. 




GENERAL SERVICES 


287 



Fig. 14 : 12 . — Title page for engineering reports. 
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Fig. 14: 13..— List of contents for engineering reports. 
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Fig. 14:14. — ^Text page for engineering reports. 
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STENOGRAPHIC FACILITIES 

The nature of the written material produced by the engineering tech- 
nical and general services necessitates special training for stenographers 
employed in the engineering department. These not only should be 
capable typists but should also be familiar with the special terms and 
S3rmbols used in engineering and the proper arrangement of letters, 
specifications, and reports that meet the requirements of various agen- 
cies to whom these are forwarded. 

Letters directed to government activities require a different form 
from that used for commercial business correspondence, and unless the 
proper style is employed, there may be delays in obtaining replies — due 
to the difficulty of routing improperly prepared letters through govern- 
ment channels. Slightly different forms are sometimes used, but in gen- 
eral the arrangement shown in the following example will be suitable for 
correspondence addressed to any government agency: 

THE BLANK AERONAUTICAL CO. 

Lindbergh Field, San Diego 12, Calif., USA 
2 January 1945 

CONFIDENTIAL 

Letter No. 73—28—995—137 

From: The Blank Aeronautical Co., San Diego 12, Calif. 

To: The Chief of the Bureau of Aeronautics 

Navy Department 
Washington, D. C. 

Attention; (When required) 

Via; Bureau of Aeronautics Resident Representative 

The Blank Aeronautical Co. 

San Diego 12, Calif. 

Subject: Contract NOa(s)1332: Model SNB — 1 Airplanes, Improvement and 

Changes in. 

Reference: a. Naval Air Station, Jacksonville, Fla., conf Itr to Blank Aero., 
NA29/SNB— 1/F13 (190321), dated 17 Nov. 1945; Subject, Pilot 
Tube Installation. 

6. If more than one reference involved. 

Enclosure: a. Blank Aero Engineering Bulletin 45 — 15a (6 copies HW). 
h. If more than one enclosure. 
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1. Paragraphs must be numbered, with the numbers flush with the left-side margin. 
Subparagraphs should have the first line indented seven spaces and identified by 
letters beginning with a. 

2. The introductory heading for the second page should include the security classi- 
fication, letter number, “to,’’ “attention,” and subject, in that order. The page 
number and date should appear in the upper right comer. 

3. Note that neither salutation nor complimentary closing is used. 

4. Enclosures should indicate whether forwarded with the letter, using HW as an 
abbreviation for “herewith,” or under separate cover, using the symbol SC. 

The Blank Aeronautical Co. 


John J. Jones 
Chief Engineer 

A quantity of copies are required with letters addressed to govern- 
ment agencies, and the proper amount varies with the agency.' This 
should be determined, and the proper quantity of copies should be dis- 
patched in every case to insure rapid handling by the government agency. 
Additional copies are prepared as necessary for distribution within the 
company. 

Letter Numbers 

« 

All correspondence should bear an identifying letter number in order 
to facilitate filing and provide a positive means of referring to specific 
letters. A universally applicable system employs the department num- 
ber, subject number, writer^s pay-roll number, and consecutive serial 
number of the letter. This is used in the specimen letter on page 290, 
Avhere letter number 73 — 28 — 995 — 137 indicates that this letter origi- 
nated in department 73, relates to subject 28, was written by employee 
995, and is the 137th letter originating in department 73. 

Uniform subject numbers should be established for use by all depart- 
ments of the company. A number is assigned to each active engineering 
project, with additional numbers identifying miscellaneous and special 
subjects. A master listing of letter numbers is maintained by a desig- 
nated stenographer in each department to insure that the proper serial 
number wU be assigned -to each letter. 


Correspondence File 

For the engineering department, a central correspondence file should 
be established where one copy of each outgoing and incoming letter is 
filed. This file should normally be in the coordination unit of Engineer- 
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ing Planning so that this acti^dty can serve as a clearinghouse for in- 
formation released by engineering. At least two types of files should be 
maintained: one according to letter numbers and the other arranged by 
subject. 

STENOGRAPHIC POOL 

When stenographers are employed in the engineering department for 
general stenographic work rather than assigned to a specific group, con- 
trol of their work assignments must be provided in order to insure efl&- 
ciency. These stenographers can be considered as a ^^stenographic pooF^ 
and should be responsible to the chief clerk. All work accomplished by 
the stenographic pool should be assigned by the chief clerk, and stenog- 
raphers should not be permitted to accept work from individual engi- 
neering employees. Unless this procedure is followed, it is difficult to 
allocate miscellaneous stenographic work properly so that efficient ac- 
complishment of each assignment is insured on or before the time when 
it is required. 



CHAPTEK 15 

FUNDAMENTALS OF ENGINEERING 
MANAGEMENT 


The more important aspects of engineering organization and methods 
have been considered in preceding chapters. The degree to which these 
are successfully administered governs the efficiency attained by the en- 
gineering department and reflects the competency of its management. 

Detail methods, which are given for a majority of the operational 
functions, may not be directly applicable to aU engineering departments 
as modification is often required by variations in size, nature, variety, 
or complexity of engineering activities. However, the detail methods 
given here represent practical procedure used to handle prime fimctions 
and establish basic control in successful contemporary engineering de- 
partments. Analysis of similar functions in other engineering depart- 
ments mil reveal the modification necessary to establish efficient con- 
trol. It should be borne in mind that the principal effort should be di- 
rected to simplifying the system, ^ 'paper work,^' and handling required 
to execute the function — ^without sacrificing control. 

The basic organization and operation described in preceding chapters 
can be applied in all cases, irrespective of the size or nature of the engi- 
neering department, despite the fact that a majority of the examples 
describe methods used by medium to large departments. These 
methods can readily be reduced to basic fundamentals and applied to 
even the smallest engineering staff. 

CONTROLLED FLOW 

Control is the desired end with all engineering methods — control of 
the flow of work through the department in order to insure that all 
assignments are completed in minimum time, with maximuiii accuracy, 
and with adequate record of accomplishment and handling. It can be 
said that the basic principle is "controlled flow of material through men 
and machines,^’ to borrow an expression from Manufacturing Planning. 
Drawings are the material in this case; drafting instruments, reproduc- 
tion equipment, and other engineering tools become the machines. The 
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15:1. — Simplification of departmental organization through analysis of functions. 
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principle of ^^controlled is the basic fundamental of attaining effi- 
cient operation in all activities — whether manufacturing, engineering, 
or clerical. Controlled flow also implies straight-line, uninterrupted 
flow, with elimination of duplication and unnecessary handling. 

Controlled flow applies equally well to organization and the establish- 
ment of responsibility and lines of authority. An effective organization 
must maintain simple, effective control of the department’s operation. 
Duties and responsibilities must be clearly defined; authority must be 
properly delegated; and dhdded responsibility or overlapping authority 
carefully avoided. 

In all cases the organization must be simple if it is to be practicable 
and the working level maintained as high as possible. The ideal condi- 
tion avoids more than one level of administrative control between the 
chief engineer and the supervisors responsible for work accomplishment. 
It may be difficult consistently to maintain such a high working level in 
large departments, but it can usually be provided. See Fig. 15:1 for 
graphic examples. 


FUNDAMENTALS OF MANAGEMENT 

Efficient engineering management depends upon application of six 
fundamentals: (1) complete understanding of the goal; (2) a detail plan 
for reaching the goal; (3) a simple, practicable organization; (4) compe- 
tent personnel; (5) control of the work flow; and (6) adequate follow-up. 



Fig. 15:2. — Fundamentals of management. 


When these fundamentals are correctly understood and applied, each 
person involved vdth engineering management will have control of his 
objective^ plan, organization, men, methods, and schedules. 

The most important fundamental is maintaining a clear-cut under- 
standing of the job to be done — ^both today and as far into the future as 
practicable. All administrative and supervisory personnel must con- 
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stantly have a complete understanding of the over-all, long-range engi- 
neering program. Each must understand the exact nature of his re- 
sponsibility for carrying out the program. The degree of detail compre- 
hension should increase and the scope of responsibility decrease in pro- 
portion to the nearness of the working level. 

It is always desirable that everyone in the engineering department 
knows the general aspects of the engineering program. Departmental 
morale and efficiency suffer severely whenever personnel are excluded 
from knowledge of the general nature and purpose of the work in proc- 
ess. Only in rare cases do security considerations make it necessary to 
restrict such information. 

THE PLAN 

It is hardly possible to spend too much effort in planning the course 
to be followed in reaching the objective of an engineering program. This 
planning must be continuous, for an engineering program does not sim- 
ply exist for consummation of one project but is constantly in the process 
of revision, expansion, and contraction as projects are completed and 
new work is planned. 

Once a plan is prepared, its successful fulfillment becomes largely a 
matter of delegating each piece or parcel of it to competent personnel, 
followed by proper coordination and control to insure successful accom- 
plishment vdthin allotted times. 

Establishment of a detail plan enables accurate cost estunating and 
successful cost control. The detail plan of each project should be pre- 
pared in a form that permits issuing copies to each person concerned 
with its accomplishment. This information should be revised and re- 
issued whenever a significant change takes place. The project plan can 
be issued as a * ^design-information report, establishing the general 
nature of the project and listing approved work orders, all customer re- 
quirements, and governing specifications. Brief factual data should be 
given in the nature of a design specification for the article covered by 
the project, including basic dimensional data and minimum perform- 
ance requirements. If this report is properly prepared and concurrently 
revised as work progresses, it will represent a complete, accurate design 
specification upon completion of the project. 

Use of a design-information report for each project insures that all 
personnel wall work to identical basic design data and precludes the 
possibility of time wasted through misunderstanding of the course to be 
followed during development of the design. It will further insure that 
only those designs and purchased parts approved by customer and en- 
gineering management wdll be incorporated into the project. 
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COST COITTROL 

Methods of collecting and allocating costs are a basic part of the plan 
for managing an engineering department since intelligent planning is 
impossible without accurate knowledge of costs. Cost control should go 
beyond the strictly timekeeping and accounting phases of collecting 
and allocating costs. It should also encompass establishment of de- 
partmental budgets and cost standards. 

The first step is an over-all budget for the engineering department, 
followed by individual budgets for each operating section. These budg- 
ets must have flexibility for possible revision to accommodate changes 
in the engineering plan. Cost standards should be established for all 
repetitive work, such as drawing release, blueprinting, and parts list- 
ing. In these cases the time expended is directly proportional to either 
the quantity or area of drawings processed. Budgets can be established 
and revised on the basis of estimated drawing quantities. Actual eflB- 
ciency can be measured as the percentage realization of the standards 
and can be increased by reducing all unnecessary operations. 

Budgets for design and drafting work are diflSlcult to reduce to stand- 
ards. Although drawing quantity and area are still measures of the 
work accomplished, the effort required will be proportional to the com- 
plexity of the design. Only by comparison with the cost of similar engi- 
neering work, accomplished under similar conditions, is it possible to 
arrive at reasonably accurate design and drafting estimates. All esti- 
mates and budgets presented to top management should be realistic, 
containing suitable allowances for all reasonable contingencies. Noth- 
ing discredits the engineering department more rapidly than repeated 
failure either to meet completion dates or to maintain budgets. 

Once budgets are established, each section of Engineering must oper- 
ate within its current allowance and be guided by periodic cost reports. 
A time-charge system should be established to provide daily cost ac- 
cumulation by charging each engineering hour against specific, desig- 
nated account numbers (see Chap. A and Appendix I for details). 

ORGANIZATION 

Departmental organization has been thoroughly considered in Chap. 1 
on the basis of the requirements for medium to large engineering groups. 
In the case of very small departments the organization will be different 
in appearance but identical in principle. 

There will, of course, be no full-time administrative or service func- 
tions. Instead, each draftsman and engineer will be assigned a portion 
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of the service duties found in a large department. These can be dis- 
charged without seriously hampering the employee's main assignment of 
drafting or design since the “nondrafting" demand upon his time will be 
relatively small. For instance, one draftsman can be assigned part- 
time duties as file clerk and blueprint operator. Another can devote 
time to liaison between Engineering and the factory departments- Still 
another may spend time preparing handbooks, specifications, service 



Fig. 15 : 3 . — Functional organization chart for small engineering department. 


bulletins, and the like. The net result will be the assignment of all im- 
portant technical and general service functions as part-time duties of 
specified personnel — without hampering their prime purposes of design 
and drafting. Each will report directly to the chief engineer and in a 
sense will serve as both supervisor and worker. 

This arrangement is possible only when the department is very small. 
As soon as the personnel increases beyond a certain point, the burden 
of administrative and service functions multiplies to a degree where it 
must be made the full-time responsibility of designated employees- It 
is difficult to state exactly wffiere this point is reached, but it is reason- 
able that whenever a department reaches 20 employees, the burden of 
supervision will interfere with the chief engineer's prime fimctions of 
policy making, design direction, and customer liaison. It is then neces- 
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sary to relieve h i m of this burden by delegating certain responsibility 
and authority. 

With a department of 20 employees it would be difficult to justify 
the quantity of executive personnel in even the simple arrangements 
described in Chap. 1. These organizational structures are predicated 
upon a department of at least 50 employees. Instead, simple division 
of supervisory control into two prime phases of drafting and design will 
suffice. This can be done by establishing the positions of chief drafts- 
man and chief project engineer, as shown in Fig. 15 : 3. 

It may be desirable to establish also the position of assistant chief 
engineer, particularly for a department of intermediate size (between 
20 and 50 employees), for the purpose of handling personnel, planning, 
and methods as well as providing for a department head during absence 
of the chief engineer. If this position is not considered desirable, then 
personnel, planning, and methods may be handled by the chief drafts- 
man. 

With further increase in personnel it becomes practicable to sub- 
divide again the supervisory and administrative responsibilities and 
enlarge into the organizational patterns described in Chap. 1. This 
does not involve the “overhead^^ that may appear to develop, for in 
smaller departments the same ^service functions exist but on a smaller 
scale — small enough so that they are part-time functions of drafting 
personnel, giving the appearance of low overhead owing to the absence 
of service job titles. As the department increases in size, the service 
functions simply become more apparent, and the actual percentage in- 
crease should not greatly exceed the proportional increase in personnel. 

PERSONNEL CONTROL 

Every engineering department, irrespective of size, demands person- 
nel control. This requirement becomes more acute as the department 
increases in size, imtil a point is reached (approximately 300 employees) 
where personnel matters require the fuU-time attention of an engineer- 
ing personnel manager. 

Personnel control can be logically divided into two phases of human 
relations and procedure. The first phase usually increases in impor- 
tance more rapidly than the actual numerical increase in personnel; for 
as the engineering department expands, it becomes increasingly difficult 
to select personnel both for competency and for harmonious personality. 

Certain personnel-control procedure is necessary in every department 
and invoves simple, practicable methods of handling personnel procure- 
ment and termination and maintaining assignment and history rec- 
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crds, wage and salary reviews, and overtime authorization. In a small 
organization the recording and preliminary screening involved in per- 
sonnel procurement can be handled by the company personnel depart- 
ment. 

In every case it is desirable to maintain complete employee history 
records, showing education, experience, and other particulars regarding 
each engineering employee. When this information is readily available 
to the chief engineer, considerable time can be saved when planning new 
job assignments, promotions, and wage adjustments. 

A definite policy of wage and salary reviews should be established 
since a practice of hit-or-miss increases cannot be tolerated. At speci- 
fied periods all employees should be reviewed on the basis of job per- 
formance to ascertain if an increase in wage or salary is merited. All 
job-performance reviews should be made by the employee’s supervisor, 
subject to the approval of the chief engineer. 

Overtime is an evil that should be avoided wherever possible, and 
imder no circumstances should it become customary. When overtime 
work exceeds a few consecutive days, the continued mental fatigue 
causes employees to slow down to a point where the overtime does not 
produce increased output. Qualitj^ of work rapidly deteriorates when 
employees are subjected to a continued overtime schedule. 

However, there are occasions where overtime is necessary, but all 
such work should receive the chief engineer’s approval and be authorized 
only in cases where there is no other possible manner of accomplishing 
the required work. A definite procedure for requesting and authorizing 
overtime is necessary when the department is large enough to require 
full-time supervisors. 

Another problem present in every department is control of employees 
who must visit factory departments in connection with engineering 
work. The prerogative of freely visiting other departments cannot be 
extended to all engineering employees, for there are always a few who 
will take advantage of the privilege. In a large department it is feasible 
to inaugurate a ^^shop-pass” system, such as that described in Chap. 3. 
In small departments it usually suffices to require that aU employees 
leaving the engmeermg department sign a register noting the time of 
their departure and destination, followed by entering the tune of their 
return. This procedure not only tends to eliminate extended visits to 
other departments but also makes it possible to locate engineering em- 
ployees who are visiting other departments. 
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CONTROLLING THE WORX FLOW 

Basic control of the work flowing through the engineering department 
is a responsibility of the engineering planning activity, which schedules 
the work to be in process at any given time. Detail control is accom- 
plished by establishing simple, practicable methods for physical handling 
and recording of work during its course through the engineering depart- 
ment. This involves establishing methods to control 

1. Preparation of drawings 5. Advance information 

2. Drawing numbers 6. Drawing changes 

3. Drawing release 7. Master-parts lists 

4. Distribution of engineering data 8. Liaison with factory 

These are the major factors involved in the physical preparation and 
release of dra^ving information and are the engineering activities most 
apparent to other departments. 

DRAWING PREPARATION 

In every engineering department, irrespective of size, there is need for 
standardizing the preparation of drawings from the consideration of 
what should appear on dra^vings. Large engineering departments usu- 
ally issue a drafting-room manual or engineering manual (see Chap. 6) to 
every new employee. This pubhcation defines and illustrates the exact 
maimer of preparing drawings that will be acceptable to the checkers. 

Although small engineering groups do not justify the expense of pre- 
paring an elaborate manual, it is still necessary to define clearly basic 
requirements for drawing preparation and issue copies of these instruc- 
tions to every draftsman. These data may comprise only a few mimeo- 
graphed sheets but will be effective if they define the department's 
standard organization; drawing sizes, scales, titles, and notes; methods 
of specifying materials, dimensioning, and calling out parts require- 
ments ; and procedure for releasing drawings. The best possible method 
of presenting this information in a small engineering group is through 
brief printed instructions, supplemented with a few well-chosen speci- 
men draAvings that illustrate common conditions encountered during 
preparation of drawings. 

It is vitally necessary to establish and maintain a master numbers 
book, in which are recorded numbers for all drawings. This should be 
made the responsibility of some one member of the department. Under 
no circumstances should the numbers book be available to the drafts- 
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mea, with dependence placed upon each employee’s making proper en- 
tries in the book when using the next available number. This practice 
is certain to lead to costly errors arising from failure to record numbers 
and from the use of the identical number on more than one drawing. 
Centralized control of drawing nximbers is even more important when 
the numbering system is “coded/’ where the number indicates the na- 
ture of the part shovm on the draving. Unless rigid control is main- 
tained over issuance of numbers in these cases, the “coded” system will 
end in complete confusion. See Chap. 7 for detail information regarding 
drawing numbers and numbers books. 


DRAWING RELEASE 

It is necessary always to know the exact nature of all drawings that 
have been completed, checked, approved, and released by the engineer- 
ing department. These must be listed by number, date, and revision 
in a manner that provides for rapid reference. In Chap. 9 is given detail 
information on a drawing-release procedure that provides adequate 
control for any engineering department. 

As the department becomes smaller and the articles designed simpler, 
the requirements for checking and approval become less complex, but 
the basic records remain substantially the same. The job ticket can be 
eliminated (using only the release request), as described in Chap. 9 under 
Drawing Release in a Small Engineering Department. 

In any case the dra^ving release system should pro\dde (1) authority 
for releasing the drawing, (2) design approval of the drawing, (3) a rec- 
ord of all change requests and advance engineering 'information incor- 
porated in each change, (4) a record by change letter and date of each 
release of the drawing, (5) a record of the serial number and destination 
of each print made of the released dra^ving, and (6) delivery acknowledg- 
ment from each recipient of prints. 

A positive control must be established over the release of engineering 
data in order to avoid the possibility of other departments’ working to 
obsolete drawings or specifications. All drawing and report revisions 
should be identified by change letters or revision numbers (preferably 
the former), and a procedure should be established for automatically 
supplying a copy of each revision to all holders of previous releases (see 
Chaps. 10 and 14) . The importance of maintaining rigid control over 
the release of engineering data cannot be overemphasized because manu- 
facturing parts to obsolete drawings can be extremely costly. 

All copies of drawings, specifications, and reports issued by the engi- 
neering department should be provided with individual identity. This 
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can be easily accomplished by assigning to each a serial number provid- 
ing both numerical identification and record of the revision letter (see 
Chap. 10 for details). 

A record of the distribution of engineering data must be maintained, 
showing for each drawing, report, and specification the date of the 
original distribution, the destination of each copy, and the subsequent 
distribution of all copies of revised issues. A shipping notice or invoice 
should accompany each shipment of engineering data to every destina- 
tion. This notice should be prepared in duplicate with one copy to be 
signed by the recipient and returned as acknowledgment of delivery. 
This practice should be followed for data delivered both to other de- 
partments within the company and to destinations outside the company. 
Although this may appear to be unnecessary ^^system,” it is the only 
method of placing the responsibility for working to the latest engineer- 
ing data squarely where it belongs — upon the person receiving the data. 

ADVANCE INFORMATION 

Issuance of engineering information in advance of actual drawings can 
lead to endless confusion and misunderstanding unless it is properly 
controlled and authorized. When properly handled this practice can 
effect large savings by expediting construction of experimental articles 
and facilitating changes during production. 

Control is readily established by issuing advance information in a 
standardized manner, subject to definite centralized approval and with 
complete records of its distribution. See Chap. 11 for a description of a 
system involving usage of stop orders, advance drawing changes, and engi- 
neering orders. 

The method described in Chap. 11 requires three separate forms to 
convey advance information. Use of separate forms is considered man- 
datory when advance information is issued frequently. Separate forms 
facilitate individual records for each type of information and min i m ize 
the possibihty of manufacturing departments misunderstanding the 
purpose of advance information. 

Small engineering departments have correspondingly small need for 
advance drawing changes. In a majority of cases the drawing itself can 
be quickly revised, followed by rapid distribution of revised prints: The 
principal uses of advance information will be authorization of drawing 
deviations, special tests, and salvage rework. In most cases for issuance 
of all types of advance engineering information, a small engineering de- 
partment can use a single form similar to the project slip shown in 
Fig. 15:4. 
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Project slips are prepared in the same maimer as advance drawing 
changes and engineering orders (see Chap. 11). The title block provides 
for indicating the nature of the project slip (PS). When the '^No Dwg 
Chg” space is checked, the PS is in the nature of an engineering order, 
and the information given is likely to be a drawing deviation or special 
test instructions and will not be incorporated in a drawing. When the 



Fig. 15:4. — Project Slip, an by ll-in. reproduceable form used to authorize and 

issue advance engineering information. 


"^Adv Dwg Chg’' space is checked, the PS is an advance drawing change, 
and the information will be added during the next drawing revision 
(see Chap. 12). The PS form is also used as a stop order, stop release 
order, and salvage order by entering the appropriate title in the blank 
space at the lower, right comer of the title block. 


DRAWING CHANGES 

Drawing changes are a normal portion of engineering-department 
operation, and it is necessary to establish orderly methods for requests 
ing, accomplishing, and recording these revisions. The first considera- 
tion requires a formal method for other departments to request drawing 
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changes — one that will insure proper, prompt action in all cases. The 
second involves a logical, efficient system of preparing and identifying 
drawing revisions. 

A drawing change-request form should be provided even in the smallest 
engineering department. This need not be elaborate, and its basic re- 
qmrements are (1) identification of the drawing to be changed, (2) state- 
ments of the change desired and the reason for the request, (3) an identi- 
fying serial number for the change request, (4) a copy of the request to 
be retained by the originator, and (5) an additional copy to be returned 
to the originator with notation of the action to be taken by engineering. 

Use of change-request (CR) serial numbers is important. Consistent, 
rapid action on requested changes is dependent upon recording these in 
a manner that provides individual indentity. When this is done, it be- 
comes a simple matter to maintain an active follow-up system to expe- 
dite rapid disposition of all change requests. Each time that a drawing 
is changed, it is possible to check for incorporation of all approved change 
requests. See Chap. 12 for detail information on change-request pro- 
cedure. 

A definite procedure for handling drawing changes is necessary in order 
to insure efficient, accurate revisions. This should establish methods for 
(1) preparing the drawing revision; (2) identifying the drawing location 
of changes ; (3) listing all change requests and advance information in- 
corporated in the revision, (4) identifying the revision by date and letter 
(or number) in a specified location on the drawing, (5) detailing nature, 
reason, and effectivity of each change item in a notice of change; and 
(6) checking and approving the revised drawing and its notice of change 
prior to release of changed prints. 

A separate notice of change for each drawing revision is considered 
preferable to the use of an alteration block in a comer of the drawing 
sheet. An alteration block providing adequate space for complete in- 
formation is unreasonably large, particularly on smaller drawings. Am- 
ple space can be provided on a 5- by 8- or 83^ by 11-in. notice-of-change 
form. Only the current notice is attached to prints, avoiding accumula- 
tion oix the prints of useless ^‘ancient history.” If the notice is prepared 
on tracing paper, it is practicable to print this on the margin of revised 
prints so that the notice becomes a physical part of each print. 

MASTER-PARTS LIST 

A master-parts list is required whenever the engineering drawings 
describe units comprising subassemblies and detail parts. This is neces- 
sary to guide other departments in ordering materials, fabricating proper 
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quantities of parts, and correctly assembling finished articled. Prepara- 
tion and issuance of accurate, up-to-date master-parts lists is equal in 
importance to preparing drawings and is a proper fimction of the engi- 
neering department. When a master-part| list (MPL) is properly ar- 
ranged, its preparation, revision, and distribution should not involve 
additional engineering expense, since an MPL combines the data from 
two documents usually originated in engineering; bill of materials and 
parts catalogue. These are not required when a proper MPL is used. 
See Chap. 13 for specimen master-parts list. 

Actual arrangement of the MPL form is not important, provided it 
lists all parts required to form the complete article — showing the ap- 
proximate order and sequence of their assembly — and lists the quantity 
required and material for each. Although the MPL is issued separately 
from the drawings, it should be considered a part of the drawings and 
revised whenever a drawing is changed. Copies of the revised parts- 
list pages should accompany the revised drawing prints. 

Master-parts lists should be supplied all departments concerned with 
material procurement and fabrication for the articles described by engi- 
neering drawings. Each person concerned with manufacture of the 
articles wdll then be working to identical technical information, avoiding 
errors arising from individual interpretation of drawing material require- 
ments and assembly sequences. 


LIAISON 

Engineering problems do not end, regrettably, with completion of 
the initial release of a set of drawings describing a particular article. 
Throughout production of the article there will be continued requests 
for drawing interpretation, additional information, drawing changes to 
facilitate production, and advice on the proper method of salvaging in- 
correctly manufactured parts. This results in a constant flow of re- 
quests to and information from the engineering department. 

Unless these requests are channeled through a specified point, there 
will be needless duplication of effort and frequent release of erroneous 
or confusing engineering information. Such a condition is obviously in- 
tolerable, for on the one hand it increases engineering expense and on 
the other produces interdepartmental discord. 

The solution to this problem is simple. A member of the engineering 
department, designated as liaison engineer, is assigned to receive all in- 
coming requests, obtain the information to answer these, and forward 
the data to the requesters. Such an arrangement will work very well, 
if a competent person is chosen as liaison engineer , when a genuine effort 
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is made to see that all requests are quickly answered. Speedy handling 
of requests can be achieved by delegating to the liaison engineer author- 
ity to decide a majority of requests without his having to obtain approval 
of the answer. This is feasible when the liaison engineer's ability is 
equal to or better than that of the average project engineer. 


MAINTAINING THE SCHEDULE 

All organization, planning, personnel control, methods improvement, 
and the like aim toward a single goal — completion of engineering assign- 
ments mthin allowed budgets of time and money. The only purpose in 
carefully organizing and controlling departmental operations is to in- 
sure achievement of this end. 

When planning is based upon sound estimating and realistic concept 
of the time required to accomplish engineering work, then maintaining 
schedule is largely a matter of daily comparison of actual with scheduled 
progress, with corrective action applied whenever and wherever work is 
behind schedule. Illness, dismissal, or training of employees are not 
acceptable reasons for failure to meet a schedule. These conditions are 
likely to arise during the course of any project, and suitable allowances 
must be made in the original schedule. Only major disasters beyond 
control of engineering are valid reasons for failing to meet a schedule. 

The causes of lagging schedules are few : insufficient manpower, failure 
to apply available manpower properly, incorrect original estimates, un- 
necessary work, engineering error, or incompetent leadership. All except 
the first are in reahty a reflection of one — ^mcompetent leadership. In 
every case the cause can be readily ascertained, and the solution is usu- 
ally obvious. 

Another cause of lagging schedules is extensive redesign due to cus- 
tomer requested changes. This is not controllable by engineering except 
to the extent of demanding that the customer agree to extension of the 
project completion date in cases where accomplishment of the requested 
changes will make it impossible to meet the original schedule. 
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ENGINEERING COST AND 
CHARGE PROCEDURE 


The procedure used by a large western company to accumulate engineering costs 
of airplane designs employs a detailed breakdown of departmental operations on 
each project- A modified form of their procedure is presented here. It involves a 
work order to authorize work on each project, code numbers to classify main subdivi- 
sions of the work, and serial numbers to identify each piece of work. 

The system is basic, and its application is not confined to aircraft manufacturing. 
The serial-number breakdown is the essence of the system. It is a simple matter to 
establish serial numbers that will describe the products manufactured regardless of 
their nature. A comprehensive breakdown can also be used, in conjunction with 
departmental code numbers for cost accumulation throughout the company. Thus, 
the cost of parts and complete articles can be accumulated throughout all manufac-^ 
turing operations — beginning in engineering and following through manufacturing 
planning, tooling, fabrication, assembly, inspection, test, and shipping. Nonpro- 
ductive costs, such as sales and service expenses, can also be accumulated against the 
related parts, assemblies, and complete articles. 


ACCUMULATING ENGINEERING COSTS 

A daily time-distribution record is prepared by each engineering employee, using 
apphcable work-order, code, and serial numbers to identify and segregate time dis- 
tribution during the working period. This record is forwarded to Engineering Plan- 
ning at the close of each working day, checked for accuracy of ntries, and then sent 
to engineering cost control for recording and tabulating. Time is recorded in incre- 
ments of Ko hr., and an engineering-planning representative checks with every 
engineering employee during the morning and afternoon of each working day in 
order to verify correctness of the time charges being used. This frequent, centralized 
checking of time charges used by employees insures the correctness of engineering 
cost-control data. Responsibility for this checking is assigned to Engineering Plan- 
ning as this activity is familiar with the nature of all authorized engineering work. 

а. A work-order number is used to authorize the expenditure of engineering time. 
This number consists of two parts: a prefix of the project number indicating the air- 
plane model and a dash suffix identifying the individual work order. Thus, work 
order 19 — 1 is the first order issued to authorize work on project 19. A specimen 
list of work orders appears on page 312. 

б. Code numbers are used to indicate the general nature of the work. A list of 
code numbers appears on page 312. 

c. A serial number is used to identify the exact nature of the work accomplished 
and the portion of the airplane affected. A list of serial numbers follows page 313. 
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TIME-DISTRIBUTIOJSr RECORD 

The following examples of time-distribution record entries illustrate the use of this 
tirne-charge procedure: 

a. The employee spent a full 8-hr. day preparing a layout drawing of fuselage 
removable side panels for the D2R airplane. 

’ Time-distribution Record 

Employee John E. Bums Clock No. 2-125 


Department 2 Date 9/24/45 


Start 

Elapsed time 

Work order 

Code No. 

Serial No. 

End 

8:00 A.M. 

8 

19—1 

500 

1107 

5:00 p.M. 


6. Following completion of the fuselage side-panel layout drawing for the D2R, 
another employee began detail and assembly drawings required to manufacture the 
side panels. Eight hours spent on this task is recorded as follows: 


Time-distribution Record 

Employee D. R. Jacobs Clock No. 2-361 


Department 2 Date 10/5/45 


Start 

Elapsed time 

Work order 

Code No. 

Serial No. 

End 

8:00 A.M. 

8 

19—1 

500 

1507 

5:00 p.M. 


c. In this case the employee worked 3 hr. overtime on development engineering 
relating to landing-gear redesign for the model D2R airplane. 
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Time-distribution Record 

Employee Ralph L. Miller Clock No. 2-76 


Department 2 Date 9/27/45 


Start 

Elapsed time 

Work order 

Code No. 

Serial No. 

End 

8:00 A.M. 

11 

19—6 

500 

5001 

9:00 P.M. 


d. Structural testing of D2R wing compression and tension joints, followed by 
D5R landing-gear structural tests, occupied this employee's attention for an entire 
day. 

Time-distribution Record 

Employee Wesley R. Stevens Clock No. 2-43 


Department 2 Date 10/3/45 


Start 

Elapsed time 

Work order 

Code No. 

Serial No. 

End 

% 

8:00 A.M. 

3? 2 

19—1 

501 

! 

1 

2007 

11:30 a.m. 

11:30 a.m. 

4?^ 

34—2 

501 

5007 

5:00 P.M. 


VACATIONS AND IDLE TIME 

A time-distribution record is prepared by each employee for every working day, 
and the total elapsed time shown on this record must equal the full workday plus 
authorized overtime. Si>ecial work orders are established for the accumulation of 
vacation time and '‘idle time.” Idle time is usually the result of defective group 
supervision and results when the supervisor fails to plan a new assignment prior to 
the time an employee completes a current task. The percentage of idle, time is a 
good indication of the supervisor’s efficiency and is carefully recorded and tabulated 
for the information of engineering top management. 
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ENGINEERING WORK ORDERS 

The following examples of engineering work orders illustrate the relationship be- 
tween project niimber and project dash-number portions of the order number. These 
identify the model and the expenditure authorized by the work order. 


Work order No. 

* 

Model 

Nature of work 

19—1 

D2R 

Production contract for 100 airplanes 

19—2 

D2R 

Calculation of dynamic balance 

19—3 

D2R 

Preparation of master-parts list 

19—4 

D2R 

Preparation of handbook revisions 

19—5 

D2R 

Production improvement changes 

19—6 

D2R 

Redesign of landing gear 

19—7 

D2R 

Redesign of armament 

19—8 

D2R 

Alternative engine installation — GE I — 47 

34—1 

D5R 

Experimental contract for 3 airplanes 

34r— 2 

D5R 

Engineering on static test airplane 

34r-3 

D5R 

Redesign of empennage 


CODE NUMBERS 

The code numbers can be extended to accommodate any desired subdivision of 
costs, and the list given here represents a practical minimum. Determination of 
the maximum detail desired in cost accumulation is a matter for top-management 
decision. Cost control can easily be extended to a point where the expense of ac- 
cumulating cost data absorbs savings accruing from knowledge of cost origin, nature, 
and cause. In general, cost control should be expanded in direct ratio to the com- 
pany's ^owth. The possibility that neglected minor cost items may develop into 
major expenses becomes increasingly likely as the company pay roll is enlarged. 

Code Number Work Classification 

500 Airplane design 

501 Research and test 

502 Wind-tunnel model 

503 Mock-up 

504 Flight test 

505 Technical services 

506 General services 


SERIAL NUMBERS 

The functional serial-number breakdown given here is sufi&cient to allow satis- 
factory detailed cost accumulation in most cases. The general serial numbers at the 
beginning of each fimctional group permit accumulating general costs. When more 
detailed cost accumulation is desired, this can be accomplished by assigning code 
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numbers to identify general costs, or one of the unused serial number groups may be 
employed, as described below. 

Serial numbers from 1000 to 9999 relate to engineering work on major functional 
groups of the airplane. These serial numbers comprise three significant parts. The 
first digit indicates the airplane functional group: 

1000 Fuselage 4000 Controls 7000 Instruments 

2000 Wing 5000 Landing gear 8000 Electrical and equipment 

3000 Empennage 6000 Power plant 9000 Armament 


The second digit indicates the kind of work accomplished: 


0000 

Supervision and general 

0500 

0100 

Layout drawings 

0600 

0200 


0700 

through 

Reserved for future use 

0800 

0400 


0900 


Detail drawings 
Checking of drawings 
Stress analysis 
Weight analysis 
Reserved for future use 


■ The last two digits of the serial number identify the portion of the airplane and 
are constant throughout aU phases of engineering. For instance, the designer pre- 
paring the fuselage removable side-panel layout drawing charges time to serial num- 
ber 1107; the draftsman preparing detail manufacturing drawings of these side panels 
wiU charge time to 1507. When the detail drawings are placed in the system, the 
checker will charge the time spent in checking these detail drawings to 1607; the 
stress analyst approving the drawings will charge time to 1707; and the weight 
analyst will charge time to 1807. 

Each functional serial-number group begins with a listing of general time charges, 
and the munbers between 0000 and 0 099 of each group are assigned to that purpose. 
Continuity is established by maintaining identical significance for these serial num- 
bers, regardless of the fimctional group. Thus, serial number 1 005 indicates lofting 
work relating to the fuselage; 2005, lofting for the wing; 3 005 , lofting for the em- 
pennage; etc. 

A specimen list of serial numbers for the fuselage of a fictitious airplane model is 
given here. Similar listings of significant major assembly drawings are prepared for 
each major functional group in order to establish a complete schedule of serial num- 
bers. A separate serial-number list must be prepared for each new model since 
changes in the basic arrangement of the article alter the major assembly drawings 
required. 

FxrsEiiAGE Sebial Numbers 
Serial No. Description of Work 

General serial numbers: 

1000 Supervision 

1001 Development engineering 

1003 Stress analysis 

1005 Lofting 

1006 Template 

1007 Structural testing 

1008 Clerical 

1009 Liaison 

1010 Minor drawing changes (less than H hr.) 

1011 Tracing 

1013 Mock-up design 
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Fuselage Serial Numbers. — {Continued) 

Serial No. Description of Work 

Layout serial numbers: 

1100 Master diagram — ^forward fuselage 

1101 Fuselage assembly — ^forward 

1102 Weld assembly — ^forward fuselage 

1103 Fairing assembly — ^forward fuselage 

1104 Master diagram — aft fuselage 

1105 Fuselage assembly — aft 

1106 Panel assembly — aft fuselage side 

1 107 Panel assembly — ^forward fuselage removable 

1108 Longeron assembly — aft fuselage 

1109 Fairing assembly — ^fuselage sta. 412 

1110 Deck assembly — ^fuselage sta. 374 to 415 

1111 Structure assembly — ^fuselage fairing 

1112 Enclosure assembly — fuselage sta. 82 to 167 

1113 Bulkhead assembly — aft fuselage sta. 412 

1114 Bulkhead assembly — top panel 

1115 Bulkhead assembly — ^lower panel 

1116 Bulkhead assembly — upper 

1117 Bulkhead assembly — bottom 

1118 Fitting assembly — sta. 374 fin attachment 

1119 Door assembly — side-panel access 

1120 Skid assembly — ^tail 

1121 Bulkhead assembly — sta. 374 

1122 Longeron assembly — ^aft fuselage lower 

1123 Tube assembly — ^fuselage forward carry-through 

1124 Tube assembly — ^fuselage aft carry-through 

1125 Hook assembly — ^fuselage tow 

1126 Cap assembly — ^nose 

1127 Hoisting assembly — ^airplane 

1128 Skin assembly — ^aft fuselage left side 

1129 Skin assembly — ^aft fuselage right side 

1130 Installation — servo clutch supports 

1131 Link assembly — catapult hooks 

1132 Unused fuselage layout serial numbers 
through 

1199 

1500 Detail and assembly drawings — ^fuselage 
through 

1599 

1600 Drawing checking serial numbers — fuselage 
through 

1699 

1700 Stress-analysis serial numbers — ^fuselage 
through 

1799 

1800 Weight-analysis serial numbers — fuselage 
through 

1899 
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Functional serial numbers in the 0200, 0300, 0400, and 0900 groups are unassigned 
and can be used for additional detail breakdown of time expenditures. For instance, 
should a detail breakdown of lofting time be required, the 0200-serial number group 
can be used for this purpose. In that case the designer preparing layout drawings 
for the forward fuselage assembly charges time to serial 1101, and the loftsman 
working on forward fuselage lines will charge time to 1201. The draftsman preparing 
manufacturing drawings of the forward fuselage charges time to 1501; the checker, 
to 1601; stress analyst, to 1701; and the weight analyst, to 1801. 

Serial numbers from 10,000 up are used to identify various engineering work not 
directly connected with the preparation of manufacturing drawings. Thus: 

11.000 Miscellaneous 14,000 Technical services 

12.000 Aerodynamics and thermodynamics 16,000 General services 

13.000 Process engineering 18,000 Tool design 

Serial-number groups omitted from these “nondrafting’’ schedules are unassigned 
and reserved for future use should additional time charges be required. 

The schedules showm on the following pages do not pretend to be complete, in the 
sense that they can be applied without modification to all engineering departments. 
Instead, they indicate the nature of suitable serial-number schedules for nondrafting 
work. 


Miscellaneous Engineering Serial Numbers 


Serial No. Description of Work 


11,000 

11,001 

11,003 

11.005 

11.006 

11.007 

11.008 

11.009 

11.010 
11,011 
11,013 
11,201 
11,202 
11,500 
11,501 . 

11.502 

11.503 

11.504 
11,600 
11,800 


Supervision of project 

Development engineering — miscellaneous 

Stress analysis — ^miscellaneous 

Lofting — ^miscellaneous 

Template — miscellaneous 

Structural testing — ^miscellaneous 

Clerical — miscellaneous 

Liaison — ^miscellaneous 

Changes — ^miscellaneous 

Tracing — miscellaneous 

Mock-up — miscellaneous 

Layout — ^wing master coordination 

Layout — ^fuselage master coordination 

Three-view drawing 

Inboard profile 

Diagram — fixed equipment 

Diagram — ^useful load 

Diagram — ^paint and insignia 

Checking — miscellaneous 

Weight analysis — ^miscellaneous 
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AERODYNAIkaCS AND THERMODYNAMICS SERIAL NUMBERS 

Serial No. Description of Work 

12,000 Aerodynamics — supervision 
12,101 Aerodynamics — ^proposal 
12,103 Aerodynamics — development engineering 
12,105 Aerodynamics — ^production 
1 2, 107 Aerodynamics — sales 

12.110 Performance — ^research 

12. 1 1 1 Performance — engineering 

12.114 Stability and control — ^research 

12.115 Stability and control — engineering 

12.118 Wing design and aerodynamic loads — research 

12.119 Wing design and aerodynamic loads — engineering 

12.122 Flutter — ^research 

12.123 Flutter — engineering 

12.126 Vibration — ^research 

12.127 Vibration — engineering 
12,201 Reports — aerodynamic 

12.210 Aerodynamic research — ^miscellaneous 

12.211 Aerodynamic design — ^miscellaneous 
12,214 Aerodynamic testing — ^miscellaneous 
12,250 Instrumentation 

12.302 Photographic — aerodynamics 

12.303 Stenographic — aerodynamics 

12.400 Wind tunnel — supervision 

12.401 Wind tunnel — design 

12.402 Wind tunnel — ^testing and calibration 

12.403 Wind tunnel — ^research 

12.600 Supervision — flight test 

12.601 Preparation — flight test 

12.602 Operations — ^flight test 

12.603 Analysis — ^flight test 
12,605 Reports — ^flight test 

12.607 Research — flight test 

12.608 Flight — ^production shakedown 

12.609 Flight — sales and advertising 
12,700 Supervision — thermodynamics 

12.710 Cooling — research 

12.711 Cooling — engineering 
12,714 Cooling tests — ^miscellaneous 

12.720 Power plant — ^technical problems 

12.721 Power plant — tunnel testing 
12,730 Flow investigations 

12,740 Analysis — engine installations 
12,750 Reports — thermodynamics 

12.762 Photographic — thermodynamics 

12.763 Stenographic — thermodynamics 
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Serial No. 
13,000 

13.500 

13.501 

13.502 

13.503 

13.504 
13,510 

13.501 

13.502 

13.503 

13.504 

13.601 

13.602 


Pbocess Engineebing Sebial Numbebs 

Description of Work 
Supervision — ^process engineering 
Process specification — ^technical data 
Process specification — ^tracing and art 
Process specification — ^photographic 
Process specification — stenographic 
Process specification — supervision 
Finish specification — ^technical data 
Finish specification — ^tracing and art 
Finish specification — ^photographic 
Finish specification — stenographic 
Finish specification — supervision 
Process research 
Process testing 


Serial No. 
14,000 

14.010 

14.011 

14.012 

14.013 

14.014 

14.020 

14.021 

14.022 

14.023 

14.024 

14.030 

14.031 

14.032 

14.033 

14.034 

14.040 

14.041 

14.042 

14.043 

14.044 

14.050 

14.051 

14.052 

14.053 

14.060 

14.061 

14.062 

14.063 

14.064 


Technical Sebvices Sebial Numbebs 

Description of Work 
Supervision — technical services 
Specifications — ^technical data 
Specifications — tracing and art 
Specifications — ^photographic 
Specifications — stenographic 
Specifications — supervision 

Erection and maintenance manual — technical data 

Erection and maintenance manual — ^tracing and art 

Erection and maintenance manual — ^photographic 

Erection and maintenance manual — stenographic 

Erection and maintenance manual — supervision 

Pilot's handbook — technical data 

Pilot's handbook — ^tracing and art 

Pilot’s handbook — ^photographic 

Pilot's handbook — stenographic 

Pilot's handbook — supervision 

Repair handbook — ^technical data 

Repair handbook — ^tracing and art 

Repair handbook — photographic 

Repair handbook — stenographic 

Repair handbook — supervision 

General sales and service — ^technical data 

General sales and service — ^tracing and art 

General sales and service — ^photographic 

General sales and service — stenographic 

Design information data — ^technical data 

Design information data — ^tracing and art 

Design information data — ^photographic 

Design information data — stenographic 

Design information data — supervision 
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Technical Services Serial Nuilbers. — (Continued) 


Serial No. Description of Work 


14.070 Drafting-room manual — technical data 

14.071 Drafting-room manual — tracing and art 

14.072 Drafting-room manual — photographic 

14.073 Drafting-room manual — stenographic 

14.074 Drafting-room manual — supervision 
14,100 Engineering planning 

14,200 Engineering cost control 
14,210 Engineering cost analysis 

14.300 Service bulletins — ^technical data 

14.301 Service bulletins — ^tracing and art 

14.302 Service bulletins — ^photographic 

14.303 Service bulletins — stenographic 

14.304 Service bulletins — supervision 

14.400 Illustration for engineering — miscellaneous 

14.401 Illustration for other departments 


Serial No. 

16,000 

16,010 

16.013 

16.014 
16,020 
16,021 
16,022 

16.023 

16.024 
16,030 

16.033 

16.034 
16,100 
16,101 
16,102 

16.103 

16.104 
16,200 
16,201 
16,202 

16.203 

16.204 

16.205 

16.206 
16,207 

16.300 

16.301 


General Services Serial Numbers 

Description of Work 

Supervision — general services 
Master-parts list — compiling 
Master-parts list — stenographic 
Master-parts list — supervision 
Parts catalogue — -compiling 
Parts catalogue — ^tracing and art 
Parts catalogue — photographic 
Parts catalogue — stenographic 
Parts catalogue — supervision 
Spare-parts list — compiling 
Spare-parts list — stenographic 
Spare-parts list — supervision 
Blueprinting 

Vandykes and duplicate tracings 
Blueprint for manufacturing planning 
Blueprint for tool design 
Blueprint for purchasing 
Engineering personnel control 
Absence and tardiness deficiency time 
Vacation 
Holiday 

Time out approved by company 
Medical examination and first aid 
Idle time 
Induction time 

Photographic for engineering — ^miscellaneous 
Photographic for other departments 
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General Services Serial Numbers. — {Continued) 

Serial No. Description of Work 

16,400 Engineering library 
16,500 Engineering files 
16,600 Engineering release — drawings 
16,700 Timekeeping — engineering 


Serial No. 


18,000 

Tool 

18,050 

Tool 

18,100 

Tool 

18,200 

Tool 

18,300 

Tool 

18,400 

Tool 

18,500 

Tool 

18,600 

Tool 

18,700 

Tool 

18,800 

Tool 

18,900 

Tool 


Tool-design Serial Numbers 

Description of Work 
design — supervision 
design — ^miscellaneous 
design — fuselage 
design — wing 
design — empennage 
design — controls 
design — ^landing gear 
design — power plant 
design — ^instniments 
design — electrical and equipment 
design — armament 


It is immediately apparent that each of the tool-design functional group serial 
numbers can be subdivided to provide 100 detail time charges. These can be ar- 
ranged to correspond with functional serial numbers for layout drawings when it is 
considered desirable to segregate tool-design costs completely. 



APPENDIX II 

TYPICAL COST-ANALYSIS 
INVESTIGATIONS 


In tMs appendix are shown cost comparisons and design-change investigations 
typical of an aggressive cost-reduction program. They are useful criterions of com- 
parative costs of similar designs; for although money values will change with labor 
and material fluctuations, the proportional costs of alternative designs will remain 
substantially the same. 

Major cost reductions involving large sums are rarely found after a design is com- 
pleted. These are usually so obvious that the proper method is apparent, even to a 
designer with a casual a’wareness of the effect of design upon manufacturing cost. 
Instead, the success of a cost-reduction program results from obtaining the lowest 
cost that is compatible with maintaining product quality for each part. Saving 
pennies on each part soon represents many dollars in the cost of manufacturing the 
complete article. The prime factors governing the cost of a part are 


Material 

Manufacturing requirements 
Quantity 

Machining or fabricating time 


Assembly or installation time 
Engineering expense 
Tooling expense 
Ease of maintenance 


MATERIAL 

Material should be selected with due consideration of (1) strength requirements, 
(2) weight requirements, (3) service requirements, (4) raw-stock form, (5) availa- 
bility, (6) delivery, and (7) cost. 

а. Service requirements relate to the part’s use, and care must be used to avoid 
selecting materials entirely unsuited to the task performed. Magnesium may appear 
to be ideal; but if the product is to be subjected to salt-air corrosion, the use of this 
material should be discouraged. Magnesium is also desirable from strength and 
weight considerations for hydraulic actuating-cylinder and selector-valve parts, but 
again service conditions may prohibit its use. Certain hydraulic oils rapidly corrode 
magnesium parts — even when treated by the best current corrosion-preventative 
process. Parts subject to handling damage must not be made from a brittle material, 
use of aluminum-aUoy die-castings being preferable where a molded plastic would 
otherwise be used. In each case a study of the part’s operating conditions will 
establish the relative desirability of the possible materials. 

б. Raw-stock form has considerable influence upon cost. Many cylindrical parts 
can be produced from either rod or heavy-wall tubing. In most cases rod will pro- 
vide the lowest manufacturing cost when the material is alloy steel. On the other 
hand, heavy-wall tubing is generally preferable when the material is carbon steel. 
Simple light-metal structural sections can usually be obtained as either extrusions 
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or rolled sections, but often the extrusion will cost more. Extrusions, however, are 
generally more economical for complicated structural sections. 

c. The materiaFs availability should be investigated. Many sizes of rod, bar, and 
tubing are obtainable only in special mill shipments. This introduces delivery delay, 
and special mill rims increase the materkrs unit cost. 

d. Material deliveries must be coordinated with production schedules. This often 
makes a sand-casting preferable to a die-casting or forging. Die-castings and forgings 
require precision metal dies, laboriously ^'carved' ^ from blocks of tool steel, whereas 
wood patterns for sand-molding are quickly produced. 

MANXJFACTURING REQUIREMENTS 

All machine tools and metalworking equipment required to fabricate the part 
should be available within the company. If they are not, an effort should be made 
to develop a design that can be produced with company equipment. Although it 
is true that additional equipment can be obtained or the part subcontracted, these 
practices are not always desirable. Procurement of additional equipment may in- 
volve purchase of an expensive machine that cannot be efficiently utilized throughout 
the work period. Subcontracted parts are always expensive owing to the addition 
of a subcontractor’s overhead and profit to the basic part cost. 

QUANTITY 

The quantity manufactured has a great influence upon cost. When the quantity 
is small (less than 100), the cost of die-castings and forgings grows prohibitive, and 
the use of sand- or permanent-mold castings becomes mandatory. Only in cases 
where strength considerations are extreme should forgings be considered for limited 
production. Even then consideration should be given to the possibilities of using 
weld assemblies, centrifugal castings, or heat-treated sand-castings. In cases in- 
volving a few parts it may be economical to machine parts from billets rather than 
incur the expense of forging dies. 

The quantity required can frequently be doubled, with substantial reduction in 
raw-stock material cost, by combining left- and right-hand opposite parts iuto one 
rough forging. The rough-forging design can often be altered slightly to permit 
machining both “hands” from the same blank. There are also cases where slight 
design alterations will permit machining several similar parts from one rough forging. 
Machining operations will be slightly different for each, but sufficient stock is pro- 
vided in the rough forging to accommodate these differences. 

MACHINING AND ASSEMBLY TIME 

All unnecessary machining and fabricating must be avoided. A co mm on error is 
curved surfaces to improve the appearance of a part that is actually hidden from 
view when the article is completed. Constant vigilance should be exercised in order 
to avoid unnecessarily complicated fabricating operations. For instance, a part 
blanked from sheet metal may involve inside corners requiring a shear die. Study of 
such parts often reveals a method of eliminating the inside comers, permitting blank- 
ing by straight-shear operations. Bend reliefs at the comers of bent-up sections are 
often unnecessarily complicated. In most cases a straight-shear cut that clears the 
bend radius 45 deg. to the bend-lines will be satisfactory. 
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Assembly and installation cost must not be neglected, and every effort should be 
made to eliminate designs requiring complicated, time-consuming operations. A 
part may not be expensive in itself but may require a costly assembly operation. 
Thus, it may occasionally be found economical to use a design having a higher fabri- 
cation cost if this is compensated by reduced assembly expense. Care should be 
used when comparing costs of purchased parts and equipment as the initial purchase 
price does not always reflect the actual, installed cost. One product may require 
additional parts or fittings to become a true equivalent of another manufacturer's 
article. 


ENGINEERING EXPENSE 

Design changes to reduce manufacturing cost may not be desirable if considerable 
engineering time is involved. When the gross saving is small, it may be foimd that 
design and drafting time, coupled with drawing-change expense and the cost of 
releasing new blueprints, is perhaps sufiScient to absorb the manufacturing saving. 
This is often the case when small quantities are involved because the unit engineering 
expense is directly proportional to part quantity. 

Disposal of obsolete material should also be cpnsidered when planning changes 
to reduce manufacturing cost. Obsolete material and equipment are often a total 
loss, for only in a few <Jases can they be returned to the vendor for credit. Material 
that cannot be returned must either be carried as obsolete inventory or sold as sur- 
plus. The returns realized through surplus sales are usually quite low. Disposal of 
material obsoleted by the change may result in a loss greater than the saving shown 
for the cost improvement. 


TOOLING EXPENSE 

Comparative cost investigations and cost-reduction programs should always con- 
sider the tooling expense involved. Tool-design and manufacturing expenses for 
small quantities of parts may have a vital effect on the net costs of comparative 
designs. When large quantities are involved, the unit tooling cost is proportionately 
lower, and this factor is less important. 

Cost-reduction programs should consider the cost of scrapping and reworking exist- 
ing production tooling to accommodate design changes. Scrapping or reworking 
extensive tooling may easily absorb the entire production saving. 


EASE OE MAINTENANCE 

The success of a product is ultimately determined by customer satisfaction. Low 
maintenance expense is important in developing customer satisfaction. Freedom 
from service difficulties and ease of maintenance should be considered major factors 
in aU cost-improvement studies. Changes for the sake of an immediate production 
saving should not be permitted when there is possibility of compromising the prod- 
uct's ^serviceability. 


TYPICAL COST ANALYSES 

The remainder of this appendix presents cost analyses of typical industrial parts 
(see Figs. 1 through 12), that demonstrate many of the basic factors discussed here. 
Engineering expense is not included because this is a factor only when changing an 
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existing, completed design. It should be remembered that although money values 
will vary with changes in labor and materiel costs, the comparative costs of alter- 
native designs will remain substantially the same. 

Kind of Part. Release pawl 
Quantity. 500 

Nature of Change. From 17ST aluminum-alloy bar-stock machined part to manga- 
nese-bronze die-casting 
Effect on Weight. 0.18 lb. increase 



Original Design. 17ST aluminum-alloy bar stock : 

Material $0.03 

Labor 0.60 

Unit cost $0.63 

New Design. Manganese bronze die-casting: 

Die $0.23 

Casting (completely finished) . . 0.30 

Unit cost $0.53 

Remarks. The total die cost remains fixed, resulting in decreased unit die cost if 
the part quantity increases. 

Kind of Part. Miscellaneous brackets 
Quantity. 3,500 each 

Nature of Change. From sand-casting to die-casting, using equivalent material 
Effect on Weight. None 
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Bracket 

Unit costs for completed parts 

Sand-casting 

Die-casting 

A 

$0,56 

$0.47 

B 

0.40 

0.33 

C 

0.45 

. 0.38 

D 

0.47 

0.39 

E 

0.75 

0.62 

F 

0.90 

0.75 


Remarks. These brackets are ideally suited to die-casting, and the quantity required 
is sufficient to reduce the unit die cost to a negligible value. 
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Kind of Fart. Link rod assembly 
Quantity. 150 

Nature of Change. From SAE X4130 steel forging to SAE X4130 steel sand-casting 
Effect on Weight. None 


Of^/G/NAL DESIGN- 
Slof width AS ioo c/ose for end 

r— *^ 002 . 

I p -0/3/1 


NEW DE5JGN - 

Q/de mf7/ Is oreferaS/e ibrmf//fr^ 
s/afs to c/ose /imffs 

*.VOZ 

-.00/ 



New Design. Sand-casting: 


Pattern $0.14 

Casting 0.70 

Labor 0.80 

Unit cost $1.64 


Remarks. The bushing cost is neglected in this comparison for it will be the same 
for either design. Tooling costs will also be the same. The slot should be machined 
by side milling as shown at the right-side view because the slot width tolerance is 
too small for end milling. 
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Kind of Part. Hinge bracket 
Quamity Required. 150 

Nature of Change. From 14ST aluminum-alloy forging to 24ST aluminum-alloy 
riveted assembly 

Effect on Weight. 0.025 lb. increase 



Original Design. Forging: 

Die $2.60 

Forging 0.52 

Labor 0.50 

Unit cost $3.62 

New Design. Riveted assembly: 

Material $0.38 

Labor 0.43 

Extra tools 0,21 

Bearing retainers 0.02 

Unit cost $1.04 


Remarks. The high cost of aluminum forgings renders the use of riveted assemblies 
desirable whenever small quantities are involved. 
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Kind of Part. Threaded sleeve 
Quantity. 150 

Nature of Change. From die-casting to machined from rod, using equivalent material 
Effect on Weight. None 



Fig. 5. 


Fig. 5. 

Original Design. Die casting: 

Die $0.90 

Casting (completely finished) . . 0.32 

Unit cost $1.22 

New Design. Machined from rod: 

Material $0.09 

Labor 0.23 

Unit cost $0.32 


Remarks. The part is ideal for turret-lathe production from rod. The small quan- 
tity raises the die cost to a prohibitive value, and the internal thread must be 
machined in either case. 


Kind of Part. Bearing retainer 
Quantity. 80 

Nature of Change. From machined from bar stock to sand-casting, using equivalent 
material 

Effect on Weight. None 



Fig. 6. 
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Original Design. Bar stock: 


Tooling $0.30 

Material 07 

Labor 36 

Unit cost $0.73 

New Design. Sand-casting: 

Tooling $0.39 

Material 0.05 

Labor 0.21 

Unit cost $0.65 


Remarks. Higher cost when machined from bar stock is due to profile milling opera- 
tion. 

Kind of Part. Bushing 
Quantity. 150 

Nature of Change. From SAE X4130 tubing to SAE X4130 rod 
Effect on Weight. None 



Original Design. Tubing, 1% OD by ^6 wall: 


Material $0.28 

Labor 0.18 

Unit cost $0.46 

New Design. Rod, 1^ e OD : 

Material $0.11 

Labor . . 0.20 

Unit cost $0.31 


Remarks. The tubing cost is more than rod, but machining is the same in each 
case because of the necessity of drilling the tubing. 
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Kind of Part. Spanner nut 
Quantity. 300 

Nature of Change. From SAE 1020 rod to SAE 1020 tubing 
Effect on Weight. None 



Original Design. 4c% OD hot-rolled rod: 

Material $0.30 

Labor 3.30 

Unit cost $3.60 

New Design. OD by wall tubing: 

Material $0.21 

Labor 2.57 

Unit cost $2.78 


Remarks. If this part were made from alloy-steel tubing, the cost would be more 
than when made from rod, owing to the price differential between carbon and 
alloy-steel tubing. 
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Original Design. Casting: 


Casting $0.50 

Pattern 0.35 

Tooling 0.77 

Labor 1.50 


Unit cost $3.12 

New Design. Weld assembly: 

Material $0.32 

Tooling 1.04 

Labor 1.36 


Unit cost $2.72 


Kind of Part. Riveted assembly 
Quantity. 150 

Nature of Change. From square tube stiffener to bulb-angle extrusion stiffener, same 
material. 

Effect on Weight. None 



Fig. 12. 


Original Design. Square tube : 

Material $0.45 

Labor 1.24 

Unit cost $1.69 

New Design. Bulb angle; 

Material $0.23 

Labor 0.90 


Unit cost. 


$1.13 
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ters) 

Change request, drawing (see Drawing- 
change request) 


Change-request data, engineering action 
on, 232-233 

engineering investigation of, 232 
incorporation of, 168, 235 
Change-request records, 233-234 
Charts, organization, 22-23 
Code numbers, 312 

Coded drawings (see Drawings, coded) 
Coded-group numbering system, 128 
Commercial standard parts (see Parts, 
commercial standard) 

Company reports, release of, 283-284 
revisions to, 285 

standard arrangement of, 285-289 
Company rules and regulations, 41 
Company standards, 120, 122-123 
changes in, 123 
Coordination, 75-79 

within engineering department, 73 
Correspondence, forwarding of, 79 
Correspondence file (see File, corre- 
spondence) 

Cost, engineering, accumulation of, 309 
effect of quantity on, 321 
estimation on, 66-69 
typical, 309-319 

Cost-analysis investigations, typical, 
320-332 

Cost comparisons, 70-71, 322-332 
Cost control, 5, 62-72, 74, 297 
summary of, 72 

Cost improvement, 69-70, 320-332 
Cost procedure, 309-319 
Customer service, 260-263 

D 

Dash numbers, 109-113 
canceled, 112-113 

for detail parts of assembly, 110-112 
for subassemblies, 112 
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Data, controlling release of, 36 
processing requests for, 35-36 
Design, functional, 3, 26-27 
production, 3, 27-28 
standard, 5-6, 119-120 
tool (see Tool design) 

Design handbook, 118-119 
Design-information report, 255 
Development engineering (see Engineer- 
ing, development) 

Deviation requests, 30-31 
Drafting, simplification of, 108-109 
Drafting-room manual, 97-100 
Drafting system, elements of, 100-118 
Drawing, coded, 113-116 

company standards, release of, 124 
confidential, 201-202 
release of, 172 

manufacturing (see Manufacturing 
drawing) 

metal, control of (see Metal drawing, 
control of) 

mock-up, release of, 175-176 
model requirements added to, 151 
scale of, 153 

specimen (see Specimen drawing) 
standard method of, 107-108 
stopped, not rereleased, 214 
tabulated, 113 
test, release of, 175-176 
zoning of, 145-146 
Drawing cancellation, 241 
Drawing change, 227-245, 304-305 
affecting interchangeability, 236-237 
on drawings comprising two or more 
sheets, 242 

on duplicate tracings, 241 
extensive, 240 
illustration, 268-269 
incorporation of ADC’s and CR’s in, 
168, 235 
layout, 174-175 
notice of, 238-239 
serial numbers effective, for, 32 
Drawing-change letters, 237-238 
in drawing title block, hsting of, 238. 
Drawing-change procedure, summary of, 
242-244 

Drawing-change requests, 30-31, 228- 
235 


Drawing-change schedules, 90-91 
Drawing charge-out system, 187-188 
Drawing control, 181-207 
need for, 181 
summary of, 206-207 
terms relating to, 182 
Drawing files, 182-183 
Drawdng forms, 143-146 
Drawing-inventory control, 188 
Drawing-inventory record, 186-187 
Drawing layout, release of, 173-174 
Drawing number, control of, 131 
issuance of, 133-134 
record of, 161 

Drawing number changes, 135-136 
Drawing numbering, 126-142 
summary of, 142 
systems of, 126-130 

Drawing preparation, 100-118, 301-302 
Drawing release, 157-180, 302-303 
efficient, oflfice arrangement for, 179 
experimental, 173 

for maintenance engineering, 176-178 
methods of, 179-180 
in small engineering department, 172- 
173 

summary of, 179-180 
types of, 158-159 

Drawing-release procedure, basic 157- 
158 

summary of, 179-180 
Drawing-release production, 173 
Drawing-release request, 162-163 
Drawing sizes, 144 
Drawing-status record, 166-170 
Drawing title blocks, 146, 238 
Drawing titles, 116-118 

E 

Employee, manual for, 4^-42 
morale of, 39-40 
status of, 40-41 
Employment interviews, 51-52 
Engineer, assistant chief, 17 
liaison (see Liaison engineer) 
Engineering, development, 26-27 
expediting of, 34 
expense in, 322 

liaison (see Liaison engineering) 
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Engineering, production, 27-28 

relation of, to other departments, 28- 
30 

service {see Service engineering) 
specifications {see Specifications en- 
gineering) 

Engineering cost {see Cost, engineering) 
Engineering department, coordination 
within, 73 

division, organization of, 10-12 
functions of, 2 

large, organization requiremehts for, 
9-10, 15-17 

small, drawing release in, 172-173 
organization of, 8-9, 297-299 
supplies for, 18-^185 
Engineering-file print, routed to numbers 
clerk, 133 

Engineering library, 283-289 
Engineering management, fundamentals 
of, 293-307 

Engineering methods, selection of, 33- 
34 

Engineering operation {see Operation, of 
engineering) 

Engineering order, 223-226 
for mock-up parts, 224r-226 
procedure for, 226 
records for, 226 
release procedure for, 225 
for test parts, 224-226 
Engineering organization, basic, 7 
Engineering personnel, duties of, 17-22 
{See also Personnel) 

Engineering personnel control, 6, 50, 
299-300 

Engineering personnel manager, 51 
Engineering plan, 296 
Engineering planning {see Planning, 
engineering) 

Engineering procedures, establishment 
of, 94 

Engineering program, 24-26 
application of, 26 
Engineering reports, 202 
obsolete, 285 

Engineering services, 4, 246-292 
general, 270-292 
technical, 246-269 

Engineering work order {see Work order) 


Estimations, 79-86 
of job, 82-86 

F 

File, correspondence, 291-292 
drawing, 182-183 
print, 183-184 
File clerk, 186 

Finish specification, 251-253 
Functional pattern, establishment of, 1-2 

G 

Gauge-control functions, 31-32 
Government standards, 120 
Group system, 12-14 

H 

Handbook, 260 
design, 118-119 
standards, 120-122 
Heat-treatment information, 151-152 

/ 

Idle time, 311 
Illustration, 263-269 
Illustration drawing, revisions on, 268- 
269 

Illustration group, operation of, 263-267 
Issue numbers, print {see Print issue 
numbers) 

Issue record, report {see Report issue 
record) 

J 

Job, drawing, release of, 170-172 
drawing-release, handling of, 170 
minor, scheduhng of, 90 
rush, 163 

Job-release procedure, 161-162 
Job-status report, daily, 170 
Job ticket, 164-165 

L 

Layout drawing, changes on, 174-175 
release of, 173-174 
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Letter numbers, 291 

Liaison engineer, emergency ADC issued 
by, 220-221 

Liaison engineering, 4, 28, 306-307 
Library, engineering {see Engineering li- 
brary) 

Line authority, 17 
Line organization, 7-8 
Lofting, 246-247 

M 

Machining, 321-322 
Maintenance, ease of, 322 
Maintenance engineering, drawing re- 
lease for, 176-178 
Manual, drafting-room, 97-100 

employees’ {see Employee, manual 
for) 

procedures, 94-97 

Manufacturing drawings, release of, 159- 
161 

Manufacturing requirements, 321 
Master-authorization procedure, 63-66 
Master-change record, 75-77 
Master-parts list, 278-280, 305-306 
Material, 248-251, 320-321 
biU of, 153-156 

separate, title block for, 153-154 
incorporation of, 147-153 
requisition for, 185 
stock size of, 148-150 
Metal drawings, control of, 205-206 
Methods, improvement of, 71-72 
standard, 5-6 

N 

Notice of change, 238-239 
printing and filing, 241 
Numbering system, coded-group, 128 
functional, 129-130 
universal, 127 

Numbers, canceled, 134-135 
for drawings, 126-137 
letter, 291 

for purchased parts, 137-140 
fq;^ reports, 140-142 
voided, 134-135 
Numbers books, 131-133 


O 

Operation, of engineering, 24-38 
Organization, 1-23 
detail, 12 

for large engineering department, 9-10, 
15-17 

for small engineering department, 8-9, 
297-299 

Organization charts, 22-23 
Overtime, 59-60 

P 

Parts, commercial standard, 125 

opposite, left- and right-hand, 136-137 
purchased, numbers for, 137-140 
rejected, inspection disposition of, 31 
standard, 5-6, 119-120 
Parts catalogue, 270-277 
illustrated, typical, 271-273 
use of, 273-277 
Patents, 36-38 
Personnel, 39-61 
Personnel history records, 52-54 
Personnal policy, 41 
Personnel records, 42-50 
Photographic department, 282-283 
Planning, engineering, 4-5, 73-91 
Planning functions, basic, 74-75 
Print, confidential, 201-202 

duplicate tracing for, use of, 204 
ordering of, 171-172 
other-company, control of, 200-201 
regular-issue, ordering of, 196 
special-issue, 190 
ordering of, 197-198 
vault-copy, 172 

Print charge-out system, 194-195 
Print control, 181-207 
summary of, 206-207 
terms relating to, 182 
Print deliveries, record of, 198-200 
Print-distribution records, 191-192 
Print-distribution system, 188-189 
Print files, 183-184 
keeping of, up-to-date, 193-194 
Print inventory, 196 
Print issue numbers, 189-190 
use of, 190-191 
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Processes, in engineering, 251-253 
Production design, 3 
Production engineering {see Engineering, 
production) 

Production release, 173 
Progress records, 88-90 
Project system, 14-15 

R 

Records, planning of, 80-82 
Release-group functions, 163-164 
Report issue record, 284 
Report numbering, 126*, 140-142 

S 

Salary reviews, 54-58 
Schedule, maintaining of, 307 
drawing-change, 90-91 
Scheduling, 4-5, 86-91 
Serial numbers, 312-319 
Service bulletins, 257-259 
Service engineering, 257-263 
Shop pass, 60-61 
Spare-parts list, 281-282 
Special-issue print {see Print, special- 
issue) 

Specification, control of, 78-79 
finish, 251-253 

Specifications engineer, 254r-257 
Specimen drawings, 101-106 
Staff, general, for small engineering de- 
partment, 8-9 

Standard parts {see Parts, standard) 
Standard practice instruction, 93 
Standards, 92-125 
classes of, 92-94 
government, 120 
Standards handbook, 120—122 
Statistics, planning of, 80-82 
Stenographic facilities, 290-292 


Stenographic pool, 292 
Stop order, 208-216 
cancellation of, 215 
effect of, on other departments, 211- 
213) 

emergency, 213 
on experimental models, 213 
issuance of, 213 
record of, 215-216 
release of, 214-215 
Stop release, record of, 215-216 
Supervisors, status of, 40-41 

T 

Technical services, 246-269 
specialized, 269 

Time-charge procedure, 309-319 
Time-distribution record, 310-311 
Title block, 143-156 

change letters listed in, 238 
incorporating bill of material, 147-153 
for separate bill of material, 153-154 
Tool design, 2-3 

Tool-design check, of production advance 
drawing change, 222-223 
Tooling expense, 322 
Typescript-duplication processes, 205 

V 

Vacations, 311 

W 

Wage reviews, 54-58 
Work flow, control of, 293-295, 301 
Work order, 312 
preliminary, 80 
revised, 80 

Work-status report, 211 














